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Description 

Technical Field 

5 [0001] The present invention relates to a solid polymer electrolyte having high ionic conductivity which comprises a 
composite of (i) a new polymer synthesized from a monomer mixture comprising oxyalkylene derivatives of a polyhydric 
alcohol having three or more hydroxyl groups that contain urethane bond and (ii) an electrolyte salt; an electrode 
comprising such a polymer and a process for manufacturing the same; a battery comprising such a solid polymer 
electrolyte or such electrodes and a process for manufacturing the same; and an electric double layer capacitor using 

10 such a solid polymer electrolyte and a process for manufacturing the same. 

Background Art 

[0002] In the field of ionics, there is a trend of down-sizing as well as making it to be of the solid-state type, and 
is efforts are being made extensively with view to application, to solid-state primary or secondary batteries and electric 
double layer capacitors, of solid electrolytes as a new ionic conductor which replaces conventional electrolyte solutions. 
Conventional products such as batteries with electrolyte solutions have problems in long-term reliability since there 
tends to occur leakage of the electrolyte solution out of the parts or elution of the electrode substance. On the contrary, 
products with solid electrolytes do not cause such problems and it is easy to make their thickness smaller. Furthermore, 
20 solid electrolytes are excellent in thermal resistance and advantageous in the manufacturing process of products such 
as battery. 

[0003] Among batteries using a solid electrolyte, those using a polymer as a main component of the electrolyte have 
a merit of increased flexibility as compared with those using an inorganic substance, which endows the former with 
processability into various forms. However, such products as hitherto studied still suffer from a problem that only a 
2S small amount of current can be taken out since the solid polymer electrolyte has a low ionic conductivity 

[0004] As an example of such solid polymer electrolyte, it is described in British Polymer Journal (Br. Polym. J., vol. 
319, page 137, (1975)) that a compounded material consisting of a polyethylene oxide and an inorganic alkali metal 
salt exhibits ionic conductivity, which is, however, as low as 10" 7 S/cm at room temperature. 

[0005] Recently, there have been many reports that a comb-shaped polymer having an oligooxyethylene in its side 
30 chain has an improved ionic conductivity due to increased thermal motion of the oxyethylene chain which contributes 
ionic conductivity. An example in which polymethacrylic acid with oligooxyethylene being added to its side chain is 
compounded with an alkali metal salt is described in Journal of Physical Chemistry (J. Phys. Chem.), vol. 89, page 
987 (1984). Another example in which polyphosphazene with an oligooxyethylene side chain is compounded with an 
alkali metal salt is described in Journal of American Chemical Society (J. Am. Chem. Soc), vol. 106, page 6854 (1984). 
35 [0006] US Patent No. 4,357,401 discloses a solid polymer electrolyte using a cross-linked polymer but the ionic con- 
ductivity of this solid polymer electrolyte is still unsatisfactory even at an elevated temperature, i.e. as low as 10' 4 to 
10* 5 S/cm at 50°C. 

[0007] US Patent No.4,792,504 proposes another solid polymer electrolyte which comprises continuous network of 
polyethylene oxide impregnated with an electrolyte solution consisting of a metal salt and an aprotic solvent. This solid 
40 electrolyte is, however, hard to be made into a film having sufficient strength and its ionic conductivity is still unsatis- 
factory due to the structure of cross-linking agent. 

[0008] Recently, many studies have been made on lithium secondary batteries in which metal oxides or metal sulfides 
such as LiCo0 2 , LiNi0 2 , LiMn0 2 , MoS 2 and the like are used as positive electrode. For example, batteries using 
positive electrode made of Mn0 2 or Ni0 2 are reported in Journal of Electrochemical Society (J. Electrochem. Soc), 
45 vol. 138 (No. 3), page 665 (1991). These batteries have drawn attention since they have high gravimetric or volumetric 
capacity. 

[0009] Also, many reports have been made on batteries using electroconductive polymer as electroactive material. 
For example, lithium secondary battery using polyanilines as positive electrode has already been put on the market in 
the form of a coin type battery for use as a backup source by Bridgestone Co., Ltd. and Seiko Co., Ltd. as reported in, 
so for example, "The 27th Symposium on Battery, 3A05L and 3A06L" (1986). Polyaniline also attracts attention as an 
electroactive material for positive electrode having a high capacity and flexibility. 

[0010] Lately, electric double layer capacitors which comprise polarizable electrodes made of a carbon material 
having a large specific surface area such as activated carbon, carb6n black or the like and an ionic conducting solution 
arranged between the electrodes have been widely used for a memory backup source. For example, a capacitor having 
55 carbon-based polarizable electrodes and an organic electrolyte solution is described in "Kinou Zairyo", February 1 989, 
page 33. An electric double layer capacitor using an aqueous sulfuric acid solution is described in "The 173rd Electro- 
chemical Society Meeting Atlanta Georgia", May, No. 18 (1988). Also, a capacitor using highly electroconductive 
Rb 2 Cu 3 l 3 CI 7 as an inorganic solid electrolyte is disclosed in Japanese Patent Application Laid-open No. 63-244570 



2 



EP0 811 029 B1 



(1988). 

[001 1] However, electric double layer capacitors using conventional electrolyte solutions have problems in long-term 
use and reliability since there tends to occur leakage of the solution out of the capacitor when used for a long time or 
when a high voltage is applied to. On the other hand, electric double layer capacitors using conventional inorganic 
5 based ionic conducting substances have a problem that the ionic conducting substance decomposes even at a low 
voltage and, hence, the output voltage is low. 

[001 2] The use of an ionic conducting substance using a polyphosphazene based polymer for a battery or a capacitor 
is disclosed in Japanese Patent Application Laid-open No. 4-253771 (1992). The capacitor using such an ionic con- 
ducting substance containing this polymer as the main component has various merits that it has an output voltage 

10 higher than the inorganic substance based ionic conducting substance, can be processed into various forms and is 
easy to be sealed. In this case, however, the ionic conductivity of the solid polymer electrolyte as low as 10 -4 to 10' 6 
S/cm is still unsatisfactory and there is also a defect that the takeout current is small. Although it is possible to increase 
the ionic conductivity of the solid polymer electrolyte by the addition of a plasticizer, this gives fluidity to the electrolyte, 
which means that the electrolyte can no longer be treated as a complete solid. As a result, the film made of the polymer 

is has a poor film strength and the polymer has a poor film formability and, hence, not only short-circuit tends to occur 
when the polymer is used in an electric double layer capacitor or a battery but also there arises a difficulty in sealing 
as in the case of the liquid ionic conducting substances. In addition, when it is assembled with a polarizable electrode 
such as a carbon material to produce a capacitor, there arises a problem of homogeneously compounding the solid 
polymer electrolyte with a carbon material having a large specific surface area since the both materials are solid and 

20 hard to be homogeneously compounded. 

[0013] The ionic conductivity of solid polymer electrolytes studied so far has been improved up to about ICr 4 to 10' 5 
S/cm at room temperature, which is, however, by over two digits lower than that of the liquid ionic conducting sub- 
stances. Besides, at a temperature no higher than 0°C, the ionic conductivity decreases drastically to a further lower 
level. Furthermore, when these solid electrolytes are incorporated in a device such as an electric double layer capacitor 

25 or incorporated in a battery in the form of a thin film, there arises difficulties in the manufacturing process since the 
solid electrolyte is hard to be compounded with the electrode and it is difficult to achieve a satisfactory contact between 
the electrolyte and the electrode. 

[0014] In orderto solve these problems, the present inventors proposed an ionic conducting solid polymer electrolyte 
which is a composite of a polymer produced from a mixture of (meth)acrylate monomers comprising oxyalkylene de- 
30 rivatives containing urethane bond and an electrolyte salt in Japanese Patent Application Laid-open No. 6-187822 
(1994). This solid polymer electrolyte has improved inonic condutivity as high as 1Cr 3 S/cm at or below room temper- 
ature. However, thin films formed of this solid electrolyte having a thickness less than 10 jam have poor film strength 
and tend to occur short circuit when used for an electric double layer capacitor or a battery. 

[001 5] Since the solid polymer electrolyte layer in a battery or a capacitor relates to ionic mobility, the energy density 
35 thereof will be improved by making the layer thinner so that the volume of a battery or capacitor may be made smaller. 

Furthermore, as the polymer eletectrolyte layer is made thinner, electric resistance in a battery or a capacitor decreases, 

which increases take-out current or charge current therefrom and improves power density thereof. 

[0016] Such an electrolyte also reduces ionic corrosion and occurrence of short-circuit and improves cycle life of a 

secondary battery and a capacitor. 
40 [0017] Accordingly, solid polymer electrolytes which can be formed into a thin film and exhibit as good film strength 

as possible are desired. 

Object of the Invention 

45 [0018] It is an object of the present invention to provide a solid polymer electrolyte which can be molded into a free- 
standing film having thickness of even 50u.m or less, especially into a thin film below 10 jim thickness which has good 
strength sufficient for use in a battery or an electric double layer capacitor and high ionic conductivity at room temper- 
ature as well as at low temperatures and is excellent in processability. 

[0019] It is also an object of the present invention to provide, using such a solid polymer electrolyte, primary and 
so secondary batteries which are easy to be made in the form of a thin film, can operate at high capacity and at high 
voltage, and further have good cyclability and good reliability and a process for manufacturing the same. 
[0020] Also, it is an object of the present invention to provide an electrode having high electrochemical activity and 
flexibility as well as to provide secondary batteries using the same. 

[0021] Another object of the present invention is to provide an electrode usable in electric double layer capacitors 
55 which has good polarizability, good strength when formed into a film and good contactibility with solid electrolyte and 
a process for manufacturing the same. 

[0022] Further another object of the present invention is to provide an electric double layer capacitor which gives a 
high output voltage, a high take-out current, and is excellent in processability and reliability utilizing a solid polymer 
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electrolyte which has high ionic conductivity at room temperature as well as at lower temperatures, and is excellent in 
film strength and processability and a process for manufacturing the same. 

Summary of the Invention 

5 

[0023] The present inventors have found that a solid polymer electrolyte comprising a composite of (a) a polymer 
containing as a component an oxyalkylene derivative of a polyhydric alcohol having three or more hydroxyl groups that 
contains urethane bonds and (b) an electrolyte salt exhibits good film strength and is useful as a solid polymer electrolyte 
having high ionic conductivity. Here and through the description of this specification, the term "oxyalkyl" includes oli- 
10 gooxyalkylene and polyoxyalkylene, each containing at least one oxyalkylene group. 

[0024] Further, the present inventors have found that the use of the above solid polymer electrolyte in batteries 
improves ionic conductivity, film strength, processability, etc., solving the above-mentioned problems of the conven- 
tional art. 

[0025] The present inventors have investigated considering that it is important to provide the electrode in the form 
is of a thin film when, for example, fabricating a thin solid-state battery using such a solid polymer electrolyte, forwarded 
investigation and found that the use of electroconductive polyaniline and its derivatives which are excellent electroactive 
substances, specifically, polyaniline or its derivatives soluble in organic solvents or other electroconductive polymers, 
metal oxides, metal sulfides, carbon materials or other electroactive substances (positive electrode materials or neg- 
ative electrode materials) in combination with a polymer which has an oxyalkyl side chain containing urethane bond 
20 makes it possible to form an electrode having high electrochemical activity and flexibility without deteriorating the 
electrochemical activity of the above electroactive substances and furthermore it enables manufacturing of electrode 
in the form of a thin film by solvent cast method or other suitable method. 

[0026] Still further, the present inventors have found that the use of such carbon materials as will be mentioned later, 
which can be used as a polarizable electrode in an electric double layer capacitor, in combination with a polymer which 

25 has an oxyalkyl side chain containing urethane bond makes it possible to form a polarizable electrode suitable for the 
use of such a capacitor without deteriorating the polarizability of the above polarizable materials and furthermore it 
enables manufacturing of electrode in the form of thin film by solvent cast method or other suitable method. 
[0027] Still further, the present inventors have found that the use of the above-mentioned solid polymer electrolyte 
gives rise to an electric double layer capacitor which has a high output voltage and a high take-out current, and is 

30 excellent in processability and reliability, and inter alia enables manufacturing of a whole solid-state electric double 
layer capacitor. 

[0028] In order to achieve the above-described objects, the present invention provides solid polymer electrolytes, 
batteries using such a solid polymer electrolyte, process for manufacturing such a battery, electrodes, electric double 
layer capacitors, process for manufacturing such an electric double layer capacitor, each of which will be described 
3S below : 

1) A solid polymer electrolyte comprising a composite of: 

(a) a polymer obtainable from at least one compound which contains a structure derived from a polyhydric 
40 alcohol having three or more hydroxy! groups, at least two hydrogen atoms of said alcoholic hydroxyl groups 

being each replaced by a unit represented by a general formula (1) below: 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NHC(=0)OR 2 - (1 ) 

45 

wherein R 1 represents a hydrogen or a methyl group; R 2 represents a divalent organic group containing at 
least one oxyalkylene group and the organic group may be linear, branched or cyclic and may contain one or 
more atoms other than carbon, hydrogen or oxygen, x and y each represents zero or a number of from 1 to 
5; z represents zero or a numerical value of from 1 to 10, provided that z is zero when both of x and y are 
so zero; the units of (CH 2 ) and (CH(CH 3 )) may be arranged irregularly in the unit of [0(CH 2 ) x (CH(CH 3 )) y ] z ; pro- 

vided that each of R 1 , R 2 , x, y, and z of each such unit in the compound may independently represent the 
above-mentioned atom, group, number, or value, respectively and is not necessary to be the same as such 
of the other said unit in the compound 

and/or a copolymer comprising at least one of the above compounds as a comonomer (hereinafter, the above 
55 polymer and copolymer will be generally referred to as "(co) polymer"); and 

(b) at least one electrolyte salt. 
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2) A solid polymer electrolyte described in above 1) wherein the (co)polymer comprises a polymer produced from 
a monomer mixture of 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
5 hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 

represented by the above general formula (1): 1-100 wt%; 

(B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 
and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 

(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 - 
10 80 wt% 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrolyte. 

3) A solid polymer electrolyte comprising a composite of: 

15 

(a) a polymer obtainable from at least one compound which contains a structure derived from a polyhydric 
alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups 
being each replaced by a unit represented by a general formula (2) below: 

20 CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NHC(=0)(OR 3 ) n - (2) 

wherein R 1 represents a hydrogen or a methyl group; R 3 each represents -(CH 2 ) 2 -, -CH(CH 3 )CH 2 - or 
-CH 2 CH(CH 3 )-; n represents a number not less than 1; x, y and z each means the same as defined in the 
25 above general formula (1 ) 

and/or a copolymer comprising at least one of the above compounds as a comonomer and 

(b) at least one electrolyte salt. 

4) A solid polymer electrolyte described in above 3) wherein the (co)polymer comprises a polymer produced from 
30 a monomer mixture of 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 
represented by the above general formula (2): 1-100 wt%; 
35 (B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 

and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 
(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 
- 80 wt% 

40 provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 

polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrolyte. 

5) A solid polymer electrolyte described in any of above 1 ) to 4), wherein the electrolyte salt is at least one compound 
selected from a group consisting of an alkali metal salt, a quaternary ammonium salt, a quaternary phosphonium 
salt and a transition metal salt. 

45 6) A solid polymer electrolyte described in any of 1 ) to 5), wherein the solid polymer electrolyte further contains a 

plasticizer. 

7) A battery which comprises- the solid polymer electrolyte described in any of above 1) to 6). 

8) A battery described in above 7) which comprises the negative electrode comprising lithium, lithium alloy or a 
carbon material which can occlude and discharge lithium ion. 

50 9) A battery described in above 7) or 8) which comprises the positive electrode comprising an aniline-based polymer 

soluble in an organic solvent or other electroconductive polymer, a metal oxide, a metal sulfide or a carbon material. 

10) A process for manufacturing a battery which comprises steps of placing a polymerizable monomer mixture in 
a frame for construction of a battery or on a support and polymerizing the polymerizable monomer mixture, wherein 
the mixture comprises at least one compound which has a structure derived from a polyhydric alcohol having three 

55 or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by 

a unit represented by the general formula (1), at least one electrolyte salt and optionally a plasticizer. 

11 ) A process for manufacturing a battery described in above 10) wherein the (co)polymer of the solid polymer 
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electrolyte comprises a polymer produced from a monomer mixture of 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 

5 represented by the above general formula (1): 1-100 wt%; 

(B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 
and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 

(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 

- 80 wt% 

10 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrolyte. 

12) A process for manufacturing a battery which comprises steps of placing a polymerizable monomer mixture as 
the solid polymer electrolyte in a frame for construction of a battery or on a support, and polymerizing the polym- 

is erizable monomer mixture, wherein the mixture comprises at least one compound which has a structure derived 

from a polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic 
hydroxyl groups being each replaced by a unit represented by the above general formula (2) and at least one 
electrolyte salt and optionally a plasticizer, 

13) A process for manufacturing a battery described in above 12) wherein the (co)polymer of the solid polymer 
20 electrolyte comprises a polymer produced from a monomer mixture of 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 
represented by the above general formula (2): 1-100 wt%; 
25 (B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 

and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 
(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 

- 80 wt% 

30 provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 

polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrolyte. 

14) An electrode which comprises a (co)polymer obtainable from (a) at least one compound which contains a 
structure derived from a polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of 
said alcoholic hydroxyl groups being each replaced by a unit represented by the above genera! formula (1) and 

35 (b) an electroactive substance or polarizable material. 

15) An electrode described in above 14) wherein the (co)polymer for manufacturing an electrode comprises a 
polymer produced from a monomer mixture of 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
40 hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 

represented by the above general formula (1 ): 1 - 1 00 wt%; 

(B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 
and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 

(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 

45 - 80 Wt% 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C) ( said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrode. 

16) An electrode which comprises a (co)polymer obtainable from (a) at least one compound which contains a 
so structure derived from a polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of 

said alcoholic hydroxyl groups being each replaced by a unit represented by the above general formula (2) and 
(b) an electroactive substance or polarizable material. 

17) An electrode described in above 16) wherein the (co)polymer comprises a polymer produced from a monomer 
mixture of 

55 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 
represented by the above general formula (2): 1-100 wt%; 
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(B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 
and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 

(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 

- 80 wt% 

s 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrode. 

18) An electrode described in any of above 14) to 17) in which the electroactive substance or polarizable material 
comprises an aniline-based polymer soluble in an organic solvent or other electroconductive polymer, a metal 

10 oxide, a metal sulfide or a carbon material. 

19) An electric double layer capacitor comprising polarizable electrodes and an ionic conducting substance ar- 
ranged between the electrodes, wherein the ionic conducting substance comprises the solid polymer electrolyte 
described in any of above 1 ) to 6). 

20) An electric double layer capacitor comprising polarizable electrodes and an ionic conducting substance ar- 
is ranged between the electrodes, wherein the polarizable electrodes comprise a composite of: 

(a) a (co)polymer obtainable from at least one compound which contains a structure derived from a polyhydric 
alcohol having three or more hydroxyl grbups, at least two hydrogen atoms of said alcoholic hydroxyl groups 
being each replaced by a unit represented by the above general formula (1) and 
20 (b) a carbon material. 

21) An electric double layer capacitor described in above 20) wherein the (co)polymer of the composite comprises 
a polymer produced from a monomer mixture of 

25 (A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 

hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 
represented by the above general formula (1): 1-100 wt%; 

(B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 
and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 
30 (C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 

- 80 wt% 

provided that the total amount ot (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the composite. 
35 22) An electric double layer capacitor comprising polarizable electrodes and an ionic conducting substance ar- 

ranged between the electrodes, wherein the polarizable electrodes comprise a composite of: 

(a) a (co)polymer obtainable from at least one compound which contains a structure derived from a polyhydric 
alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups 

40 being each replaced by a unit represented by the above general formula (2) and 

(b) a carbon material. 

23) An electric double layer capacitor described in above 22) wherein the (co)polymer of the composite comprises 
a polymer produced from a monomer mixture of 

45 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 
represented by the above general formula (2): 1-100 wt%; 

(B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 
so and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 

(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 

- 80 wt% 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
55 polymer being contained in an amount of not less than 50 wt% of the total polymer used in the composite. 

24) A process for manufacturing an electric double layer capacitor which comprises steps of placing a polymerizable 
monomer mixture in a frame for construction of an electric double layer capacitor or on a support and polymerizing 
the polymerizable monomer mixture, wherein the mixture comprises (a) at least one compound which contains a 



7 



EP0 811 029 B1 



structure derived from a polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of 
said alcoholic hydroxyl groups being each replaced by a unit represented by the above general formula (1) and 
(b) at least one electrolyte salt and optionally a plasticizer. 

25) A process for manufacturing an electric double layer capacitor described in above 24),said process comprising 
5 steps of placing a polymerizable monomer mixture in a frame for construction of an electric double layer capacitor 

or on a support and polymerizing the polymerizable monomer mixture, wherein the mixture comprises 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 

io represented by the above general formula (1 ) 1-100 wt%, 

(B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 
and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 

(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 

- 80 wt% 

15 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the composite. 

26) A process for manufacturing an electric double layer capacitor which comprises steps of placing a polymerizable 
monomer mixture in a frame for construction of an electric double layer capacitor or on a support, and polymerizing 

20 the polymerizable monomer mixture, wherein the mixture comprises (a) at least one compound which contains a 

structure derived from a polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of 
said alcoholic hydroxyl groups being each replaced by a unit represented by the above general formula (2-) and 
(b) at least one electrolyte salt and optionally a plasticizer. 

27) A process for manufacturing an electric double layer capacitor described in above 26), said process comprising 
25 steps of placing a polymerizable monomer mixture in a frame for construction of an electric double layer capacitor 

or on a support and polymerizing the polymerizable monomer mixture, wherein the mixture comprises 

(A) at least one compound which has a structure derived from a polyhydric alcohol having three or more 
hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 

30 represented by the above general formula (2): 1-100 wt%; 

(B) at least one compound which contains one unit represented by the above general formula (1 ) per molecule 
and no ethylenically unsaturated groups in the rest of the molecule: 0 - 95 wt%; and 

(C) at least one compound containing an ethylenically unsaturated group and differing from (A) and (B): 0 

- 80 Wt% 

35 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the composite. 

Brief Description of the Drawing 

40 

[0029] 

Fig. 1 is a schematic cross-sectional view showing an example of a thin solid-state battery according to the present 
invention. In the figure, 1 is a positive electrode, 2 is a solid polymer electrolyte, 3 is a negative electrode, each of 
45 4 is a collector, 5 is an insulating spacer and 6 is an insulating resin sealing; and 

Fig. 2 is a schematic cross-sectional view showing an example of a solid-state electric double layer capacitor 
according to the present invention, wherein a pair of polarizable electrodes 7 is arranged between the two collectors 
8. Solid polymer electrolyte film 9 is arranged between these electrodes. 10 is an insulating spacer, 11 is an insu- 
lating resin sealing and 12 is a lead wire. 

so 

Detailed Description of the Invention 

[0030] Hereinafter, the construction and fabrication process of solid electrolytes, batteries, electrodes, solid-state 
electric double layer capacitors of the present invention will be described in more detail. 

55 

Solid electrolyte 

[0031] The solid polymer electrolyte of the present invention comprises a composite of: 
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(a) a polymer obtainable from at least one compound which contains a structure derived from a polyhydric alcohol 
having three or more hydroxy! groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each 
replaced by a unit represented by a general formula (1) below: 

5 CH 2 =C(R 1 )C(=0) [0(CH 2 ) x (CH(CH 3 )) y ) 2 NHC(=0)OR 2 - (1) 

and/or a copolymer comprising at least one of the above compounds as a comonomer as mentioned above (the 
above polymer and copolymer will be generally referred to as "(co)polymer"); and 
10 (b) at least one electrolyte salt. 

[0032] R 1 in the above formula (1) represents a hydrogen or a methyl group. 

[0033] R 2 represents a divalent organic group containing at least one oxyalkylene group. The organic group may be 
linear, branched or cyclic and may contain one or more atoms other than carbon, hydrogen or oxygen. 
is [0034] Each of R 1 and R 2 of each such unit represented by the above general formula (1 ) contained in the compound 
independently represents the above-mentioned group and is not necessary to be the same as such of the other said 
unit in the compound. 

[0035] X and y each represents zero or a number of from 1 to 5; z represents zero or a numerical value of from 1 to 
10, provided that z is zero when both of x and y are zero; the units of (CH 2 ) and (CH(CH 3 )) may be arranged irregularly 
20 in the unit of [0(CH 2 ) x (CH(CH 3 )) y ] z . 

[0036] Examples of preferred combination of x, y and z include: 

(a) x is 0 or 1 , y is 0 or 1 and z is 0 or 1 (provided that z is 0 when x is 0 and y is 0) 

(b) x is 2 to 5, y is 0 and z is 1 to 1 0; 

25 ( C ) x is 1 to 5, y is 1 to 5 (random arrangement) and z is 1 to 10; or 

(d) x is 0, y is 1 to 5 and z is 1 to 1 0. 

[0037] As will be described below, isocyanate: 

30 i 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NCO 

is used for introducing the unit represented by the above formula (1) into the polyhydric alcohol and in the case (a), 
corresponding compounds are highly reactive and ready to react with various kinds of oxyalkylene compounds and 

35 also that they are liquid having low viscosity, which is convenient for the reaction in a liquid system. 

[0038] In cases (b) through (d), corresponding compounds have low polymerizability so that they have good storage 
stability and are good in handling as a polimerizable monomer. Especially in cases of (c) or (d), introduction of oxypro- 
pylene group gives rise to the compounds which have lower dielectric constant than that of compound having oxyeth- 
ylene group, but such compounds are very useful for some applications since their melting point and viscosity do not 

40 increase so much as the value z increases. 

[0039] As mentioned above, each of x, y and z of each such unit represented by the general formula (1 ) in a compound 
may be independent from each other. Accordingly, solid polymer electrolytes having desired properties suitable for 
specific applications can be prepared by suitably using these polymerizable monomers in combination with each other 
or using these monomers along with other polymerizable monomers or polymers, making use of the properties of these 

45 compounds. 

[0040] The hydrogen atom of the alcoholic hydroxyl group of the polyhydric alcoholic structural unit, which is not 
replaced by a unit represented by the aforementioned general formula (1), in the compound as used in the present 
invention may preferably be replaced by an organic chain such as alkyl group, or alkyl group containing at least one 
oxyalkylene group. The organic chain may be a linear, branched or cyclic, saturated or unsaturated and may contain 
50 one or more atoms other than carbon, hydrogen or oxygen. Such organic chains, for example, include a C A ~ C 20 
linear or branched, saturated or unsaturated alkyl or alicyclic group, methoxymethyl, methoxyethyl, ethoxyethyl, pro- 
poxypropyl, or other alkoxy-oligoalkyleneoxyalkyl group, phenyl group, and ~ C 20 -alkyl-substituted phenyl group. 
[0041] All or a part of the unit represented by the general formula (1) may be a unit represented by the general 
formula(2): 

55 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] 2 NHC (=0) (OR 3 ) n - (2) 
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wherein R 1 represents a hydrogen or a methyl group; R 3 each represents - (CH 2 ) 2 -, -CH(CH 3 )CH 2 -or -CH 3 CH(CH 3 )-; 
n is a number not less than 1 and x, y and z each means the same as in the general formula (1 ). 
[0042] Compounds having a structure containing the unit represented by the formula (2) provide a solid polymer 
electrolyte of good film strength when formed into a thin film. Furthermore, this unit is useful to introduce more oxy- 

s alkylene groups into the objective polymer, which results in higher ionic conductivity at or below room temperature. 
[0043] At least one monomer used for synthesizing the solid polymer electrolyte of the present invention must contain 
a compound which have a structure derived from a polyhydric alcohol having three or more hydroxyl groups, at least 
two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit represented by the above general 
formula (1). Although a polymer synthesized from monomers each of which contain only one unit represented by the 

10 general formula (1 ) may be incorporated with an electrolyte salt to form a solid polymer electrolyte, the thus obtained 
solid polymer electrolyte may cause short-circuit due to its poor film strength when it is molded into a film having a 
thickness less than 10 jim for the use in a battery. Three or more units represented-by the general formula (t) are 
preferably contained in a molecule. 

[0044] Monomers used for synthesizing the polymer component of the present solid polymer electrolyte can be ob- 
is tained, for example, by reacting CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ) z NCO t wherein R\ x, y and z each means the 
same as defined in the general formula (1 ), with a polyhydric alcohol having three or more hydroxyl groups and at least 
one oxyalkylene group. 

[0045] Specifically, a compound derived from a polyhydric alcohol having three or more hydroxyl groups, two hydro- 
gen atoms of said alcoholic hydroxyl groups being each replaced by a unit represented by the general formula (1) can 
20 be readily obtained, for example, by reacting two moles of methacryloylisocyanate compound (hereinafter referred to 
as "Mr for short) or acryloylisocyanate compound (hereinafter referred to as "AP for short) with one mole of a diol that 
is a derivative of a triol obtained by addition polymerization of alkylene oxide with glycerol, wherein one hydroxyl group 
of the triol is capped with methoxy group. 

[0046] A compound derived from a polyhydric alcohol having three or more hydroxyl groups, three hydrogen atoms 
25 of said alcoholic hydroxyl groups being each replaced by a unit represented by the general formula (1 ) can be readily 
obtained, for example, by reacting three moles of Ml or Al with one mole of a triol obtained by addition polymerization 
of alkylene oxide with glycerol or other alcohols having three hydroxyl groups. 

[0047] A compound derived from a polyhydric alcohol having at least four hydroxyl groups wherein four hydrogen 
atoms of the alcoholic hydroxyl groups are each replaced by a unit represented by the general formula (1) can be 
30 readily obtained, for example, by reacting four moles of Ml or Ai with one mole of a tetraol obtained by addition polym- 
erization of alkylene oxide with pentaerythritol or other alcohols having four hydroxyl groups. 

[0048] A compound derived from a polyhydric alcohol having at least five hydroxyl groups wherein five hydrogen 
atoms of the alcoholic hydroxyl groups are each replaced by a unit represented by the general formula (1) can be 
readily obtained, for example, by reacting five moles of Ml or Al with one mole of a pentaol obtained by addition po- 

35 lymerization of alkylene oxide with a-D-glucopyranose. 

[0049] A compound derived from a polyhydric alcohol having at least six hydroxyl groups wherein six hydrogen atoms 
of the alcoholic hydroxyl groups are each replaced by a unit represented by the general formula (1) can be readily 
obtained, for example, by reacting six moles of Ml or Al with one mole of a hexaol obtained by addition polymerization 
of alkylene oxide with mannitol. 

40 [0050] Hereinafter, we will refer to a compound which satisfies the condition: "one compound which has structure 
derived from a polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic 
hydroxyl groups being each replaced by a unit represented by the aforementioned general formula (1)" as a "PUX" 
compound. Similarly, a compound which has struture derived from a polyhydric alcohol having three or more hydroxyl 
groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit represented by 

45 the general formula (2) will be hereinafter referred to as a "PUY" compound. Since all or a part of the unit represented 
by the general formula (1) may be a unit represented by the general formula (2), a PUX compound includes a PUY 
compound. 

[0051] The polymer comprised by the solid polymer electrolyte of the present invention can be obtained by polym- 
erizing at least one PUX or PUY compound or performing polymerization using a PUX or PUY compound as a comon- 
50 omer. 

[0052] Compounds which are used in the copolymerization reaction with a PUX or PUY compound are not limited. 
[0053] Examples of such compounds include compounds which have one unit represented by the general formula 
(1) per molecule and do not have any ethylenically unsaturated group in the rest of the molecule (hereinafter referred 
to as monof unctionat urethane(meth)acrylate having oxyalkylene chain) such as N-methacryloylcarbamic acid co-meth- 
55 yloligooxyethyl ester and methacryloyloxyethylcarbamic acid o-methyloligooxyethyl ester, monofunctional (meth) 
acrylesters having oxyalkylene chain such as methacrylic acid co-methyloligooxy ethyl ester, (meth)acrylic acid esters 
such as methyl methacrylate and n-butyl acrylate, (meth)acrylamide compounds such as acrylamide, methacrylamide, 
N,N-dimethylacrylamide, N.N-dimethylmethacrylamide, acryloylmorpholine, methacryloylmorpholine and N.N-dimeth- 
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ylaminopropyl(meth)acrylamide, styrene compounds such as styrene and a-methylstyrene, N-vinylamides such as N- 
vinylacetamide and N-vinylformamide, alkylvinylethers such as ethylvinylether, etc. Among these compounds, mono- 
functional urethane(meth)acrylate having oxyalkylene chain, monofunctional (meth)acrylesters having oxyalkylene 
chain and (meth)acrylamide compounds are preferably used. Most preferred is monofunctional urethane(meth)acrylate 

s having oxyalkylene chain since such a compound can introduce more urethane or oxyalkylene groups into the polymer 
[0054] For polymerization, there can be adopted general methods which utilize polymerizability of the acryloyl or 
methacryloyl group of a PUX or PUY compound or the above-mentioned compounds. That is, a PUX or PUY compound 
or a polymerizable mixture of a PUX or PUY compound and at least one compound selected from the above-mentioned 
compounds is radically, anionically or cationically polymerized using a radical polymerization catalyst such as azobi- 

10 sisobutyronitrile, benzoyl peroxide, etc., a cationic polymerization catalyst such as a protonic acid such as CF 3 COOH, 
etc., Lewis acids such as BF3, AICI 3 and the like, or an anionic polymerization catalyst such as butyl lithium, sodium 
naphthalene, lithium alkoxide and the like respectively. In case that the total amount of the PUX or PUY compound 
and the monofunctional urethane(meth)acrylate having oxyalkylene chain exceeds 20 % by weight of the total amount 
of monomers, polymerization can be effected merely-by heating the monomer mixture at or higher than 70°C in the 

is absence of oxygen. 

[0055] Polymerization can also be performed after forming the monomer mixture which comprises a PUX or PUY 
compound or a polymerizable mixture of a PUX or PUY compound and the above-mentioned compounds into a shaped 
article such as a film or the like. In case that a polymer synthesized from at least one PUX or PUY compound or a 
copolymer in which a PUX or PUY compound is used as a comonomer is used in a solid polymer electrolyte as in the 

20 present invention, it is particularly advantageous to polymerize such a monomer mixture after the film formation. 

[0056] That is, at least one PUX or PUY compound and at least one electrolyte salt such as an alkali metal salt, a 
quaternary ammonium salt, a quaternary phosphonium salt or a transition metal salt, with or without optionally adding 
thereto (i) further another polymerizable compound and/or (ii) a plasticizer and/or (iii) a solvent, are mixed together, 
and then the resulting polymerizable monomer mixture is polymerized in the presence of or in the absence of such a 

25 catalyst as described above, optionally with heat and/or electromagnetic radiation such as light to form a polymer 
Especially, there can be obtained a wider freedom in processing, thus giving a great merit in application by such a 
process as comprising forming the polymerizable monomer mixture into a shaped article such as a film, plate, disk or 
fiber and then polymerizing the same, for example, with heat and/or electromagnetic radiation such as light to give a 
polymer film, plate, disk or fiber. 

30 [0057] Any solvent that does not hinder the polymerization may be used, depending on the kind of the monomer 
used and the presence of a catalyst. An example of the usable solvent includes tetrahydrofuran, acetonitrile, toluene, 
etc. 

[0058] The polymerization temperature may vary as far as it may suffice to effect polymerization reaction. It depends 
on the kind of the PUX or PUY compound used and usually a temperature of 0 to 200°C is employed. Though, the 
35 conditions of polymerization with electromagnetic radiation may vary depending on the kind of the PUX or PUY com- 
pound used, it is possible to perform polymerization with ultraviolet ray or y ray of at least several mW using an initiator 
such as benzylmethylketal or benzophenone as an example. 

[0059] A polymer used in a solid polymer electrolyte of the present invention may be, as mentioned above, a homopol- 
ymer of a PUX or PUY compound or a copolymer comprising at least two PUX or PUY compounds, or a copolymer 

40 comprising at least one PUX or PUY compound and at least one other polymerizable compound as mentioned above. 
The (co)polymer as defined in the above-described section of solid electrolyte includes any of said homopolymers and 
copolymers. The polymer to be used in a solid polymer electrolyte of the present invention may be also a mixture of 
such a polymer obtained from at least one PUX or PUY compound and/or a copolymer comprising at least one PUX 
or PUY compound and other polymers. For example, a mixture of such a polymer obtained from at least one PUX or 

45 PUY compound and/or a copolymer comprising at least one PUX or PUY compound and a polymer such as polyethylene 
oxide, polyacrylonitrile, polybutadiene, polymethacrylic (or polyacrylic) acid esters, polystyrenes, polyphosphazenes, 
polysiloxanes or polysilanes can be used in a solid polymer electrolyte of the present invention. 
[0060] The amount of structural units derived from the PUX or PUY compound in the above copolymer or polymer 
mixture depends on the kind of the other component of the copolymer or the polymer mixture, and is preferably not 

50 lower than 20 %, more preferably not lower than 50 % by weight of the total amount of the copolymer or the polymer 
mixture comprised in a solid polymer electrolyte in consideration of the ionic conductivity and film strength, in case that 
no monofunctional urethane(meth)acrylate having oxyalkylene chain is contained as a comonomer. 
[0061 ] In case that a monofunctional urethane(meth)acrylate having oxyalkylene chain is contained as a comonomer, 
the amount of structural units derived from the PUX or PUY compound is 1 to 100 %, preferably 10 to 100%, more 

55 preferably 20 to 100 % by weight of the total amount of the copolymer. When the amount of structural units derived 
from the PUX or PUY compound is less than 1 % by weight of the total amount of the copolymer, the film strength of 
the solid polymer electrolyte made thereof is significantly decreased and may result in short-circuit when used in a 
battery or electric double-layer capacitor as a thin film of not more than 50 urn. The amount of structural units derived 
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from the monofunctional urethane(meth)acrylate having oxyalkylene chain is not more than 95 %, preferably not more 
than 90 %, more preferably not more than 80 % by weight of the total amount of the copolymer. The total amount of 
structural units derived from the PUX or PUY compound and those derived from the monofunctional urethane(meth) 
acrylate having oxyalkylene chain is not less than 20 %, preferably not less than 50 % by weight of the total amount 
s of the copolymer in consideration of the ionic conductivity and film strength of the solid polymer electrolyte made thereof. 
[0062] The amount of the copolymer synthesized from the PUX or PUY compound is preferably not less than 50 % 
by weight of the total amount of the polymer mixture used in the solid polymer electrolyte. 

[0063] When the amount of the structural units derived from the PUX or PUY compound falls in the above specified 
range, the polymer has sufficient film strength and high ionic conductivity when comprised in a solid polymer electrolyte. 

w [0064] The PUX or PUY compound comprised in the (co)polymer used for the production of solid polymer electrolyte 
of the present invention has two or more ethylenically unsaturated groups, and gives network polymer by polymeriza- 
tion. Accordingly, it is advantageous to mix said PUX or PUY compound with a compound containing one unit repre- 
sented by the general formula (1) or (2) per molecule for polymerization, which endows the polymer with high thermal 
mobility and good film strength. The number of the oxyalkylene chains in the oxyalkylene groups which constitute side 

is chains in the polymer or the number of oxyalkylene groups in R 2 in the general formula (1 ) (for example, the value of 
the number n in the general formula (2)) is preferably 1 to 1,000, more preferably 5 to 50. 

[0065] An organic compound may preferably be added as a plasticizer in the solid polymer electrolyte of the present 
invention, which increases the ionic conductivity of the electrolyte. As the organic compound to be added, those com- 
pounds are suitable that have good compatibility with the monomers used for synthesizing the solid polymer electrolyte 

20 of the present invention, high dielectric constant, a boiling point of not lower than 100°C and good electrochemical 
stability. Examples of the plasticizer include oligoethers such as triethylene glycol methyl ether and tetraethylene glycol 
dimethyl ether, carbonates such as ethylene carbonate, propylene carbonate, diethyl carbonate and vinylene carbon- 
ate, aromatic nitrites such as benzonitrile and tolunitrile, dimethylformamide, dimethylsutfoxide, N-methylpyrrolidone, 
N-vinylpyrrolidone, sulfur compounds such as sulfolane, phosphoric acid esters, etc. Among these, oligoethers and 

25 carbonates are preferred, with carbonates being particularly preferred. Thus the term "plasticizers as described in this 
specification and the claims annexed thereto does not necessarily mean the material which is generally added to the 
other material to improve the plasticity of the latter. 

[0066] The more the amount of the plasticizer added, the higher the ionic conductivity of the solid polymer electrolyte. 
However, if the amount of the plasticizer is too much, the mechanical strength of the solid polymer electrolyte decreases. 
30 preferred amount of the plasticizer added is at most 5 times as much as the weight of the monomers used for producing 
the solid polymer electrolyte of the present invention. The amount of addition can be increased without decreasing the 
mechanical strength while improving the ionic conductivity by effecting copolymerization of a PUX compound with a 
potymerizable compound such as vinylene carbonate and N-vinylpyrrolidone in appropriate combination with non- 
polymerizable plasticizer. 

35 [0067] Proportion of the electrolyte salt to be compounded with the polymer obtained from at least one PUX compound 
and/or a copolymer obtained from a PUX compound and other comonomer is preferably 1 molecule of electrolyte salt 
to 2 to 100 ether oxygen atoms in the side chain. "Molecule" of electrolyte salt as described in this specification means 
the unit chemical formula of the electrolyte salt. For example, one molecule of LiBF 4 means a pair of one Li + and BF4". 
If the electrolyte salt to be compounded exists in a proportion of more than 1 12 molecule with respect to an ether oxygen 

40 atom, migration of ions is significantly inhibited. On the contrary, the proportion of the electrolyte salt of not above 1/100 
molecule is undesirable since the absolute amount of ions is insufficient and decreases the ionic conductivity. The 
above compounding ratio of the electrolyte salt is more preferably 1 molecule of electrolyte salt to 4 to 100 ether oxygen 
atoms in the side chain. 

[0068] The kind of the electrolyte salt used for compounding is not limited particularly, and any electrolyte salt which 
45 contains the ion desired to be used as the carrier in the solid polymer electrolyte salt can be used. However, it is 
desirable that the dissociation constant of the electrolyte salt in the solid polymer electrolyte is large, and in this respect 
the electrolyte salts recommended are alkali metal salts, quaternary ammonium salts such as (CH 3 ) 4 NBF 4 , etc., qua- 
ternary phosphonium salts such as (CH 3 ) 4 PBF 4 , etc., transition metal salts such as AgCI0 4 , etc., or protonic acids 
such as hydrochloric acid, perchloric acid, tetrafluoroboric acid, etc. 
so [0069] As the electroactive substance for negative electrode used in the battery of the present invention, preferred 
are, as discussed later in this specification, those in which alkali metal ions function as the carrier and have low redox 
potential such as alkali metals, alkali metal alloys, carbon materials, etc. since high voltage, high capacity batteries 
can be obtained when they are used. Therefore, when applied to the batteries comprising such a negative electrode 
and the carrier of alkali metal ions, an alkali metal salt is required as the electrolyte salt in the solid polymer electrolyte. 
55 Examples of the alkali metal salt includes, for example, LiCF 3 S0 3 , LiPF 6 , LiCI0 4 , Ltl, LiBF 4 , LiSCN, LiAsF 6 , NaCF 3 S0 3 , 
NaPF 6 , NaCI0 4 , Nal, NaBF 4 , NaAsF 6 , KCF 3 S0 3 , KPF 6 , Kl, etc. Among them, the most preferred alkali metal is lithium 
or lithium alloy since when it is used, there can be obtained a battery which has a high voltage and a high capacity 
and which can be formed into a thin film, plate or disk. In the case of a negative electrode comprising a carbon material, 
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there can be used not only alkali metal ions but also quaternary ammonium salts, quaternary phosphonium salts, 
transition metal salts, and various protonic acids. 

[0070] In the case of a solid-state electric double layer capacitor, the kind of the electrolyte salt to be used for com- 
pounding therein is not limited particularly, and it is sufficient to use a compound which contains the ion desired to be 

5 used as the electric carrier. However, it is desirable that the compound contains ions which have a large dissociation 
constant in the solid polymer electrolyte and which readily form electric double layer on the surface of polarizable 
electrode. Examples of such a compound are quaternary ammonium salts such as (CH 3 ) 4 NBF 4 , (CH 3 CH 2 )4NCI0 4l 
etc., transition metal salts such as AgCI0 4 , etc., quaternary phosphonium salts such as (CH 3 ) 4 PBF 4 , alkali metal salts 
such as UCF3SO3, LiPF 6 , LiCI0 4 , Lil, LiBF 4 , LiSCN, LiAsF 6 , NaCF 3 S0 3 , NaPF 6 , NaCI0 4 , Nal, NaBF 4 , NaAsF 6 , 

10 KCF 3 S0 3 , KPF 6 , Kl, etc., organic acids such as p-toluenesulfonic acid, etc., and salts thereof, inorganic acids such 
as hydrochloric acid, sulfuric acid, etc. Among them, quaternary ammonium salts, quaternary phosphonium salts and 
alkali metal salts are preferred in view of higher output voltage and larger dissociation constant. Among the quaternary 
ammonium salts, those having different substituent groups on the nitrogen in the ammonium ion such as (CH 3 CH 2 ) 
(CH 3 CH 2 CH 2 CH2) 3 NBF 4 are preferred in view of higher solubility in the compounding polymer and larger dissociation 

is constant. 

Battery and Electrode 

[0071] For construction of a battery of the present invention, it is desirable to use, as the negative electrode, an 

20 electroactive substance (negative electrode material) in which alkali metal ions function as the carrier and having a 
low redox potential such as alkali metal, alkali metal alloy, and carbon materials since a high voltage, high capacity 
battery can be obtained. Among these electroactive substances, lithium metal or lithium alloys such as lithium/aluminum 
alloy, lithium/lead alloy, lithium/antimony alloy, etc. are particularly preferred since they have the lowest redox potential. 
Carbon materials are also particularly preferred for the reason that they have low redox potential when they occlude 

25 Li ion and that they are stable and safe. Examples of carbon materials which can occlude and discharge Li ion are 
natural graphite, synthesized graphite, carbon produced by vapor phase process, graphitized carbon produced there- 
from, petroleum cokes, coal cokes, pitch carbon, polyacenes, f ullerenes such as and C 70 , etc. 
[0072] For construction of a battery of the present invention, it is desirable to use, as the positive electrode, elec- 
troactive substance (positive electrode material) having a high redox potential such as metal oxides, metal sulfides, 

30 electroconductive polymers, or carbon materials, etc. since a high voltage, high capacity battery can be obtained. 
Among these electroactive substances, metal oxides such as cobalt oxide, manganese oxide, vanadium oxide, nickel 
oxide, molybdenum oxide, etc., metal sulfides such as molybdenum sulfide, titanium sulfide, vanadium sulfide, etc, are 
preferred in view of higher packing density and higher volumetric capacity, and particularly, manganese oxide, nickel 
oxide, cobalt oxide, etc. are preferred in view of a high voltage and high capacity. 

35 [0073] Methods for preparing metal oxides or metal sulfides are not particularly limited and they may be prepared 
by conventional electrolytic process or heat process as described in ■Denkikagaku", vol. 22, page 574 (1954), for 
example. When they are used as the electroactive substance in lithium batteries, it is preferred to make lithium atoms, 
in such a form as Li x Co0 2 , Li x Mn0 2 , etc., inserted in or compounded with metal oxide or metal sulfide in the manu- 
facturing process of batteries. Method for inserting Li atoms is not particularly limited and such an insertion may be 

40 performed by electrochemical ly inserting Li ions or by such a process as described in US PAT No. 4357215 in which 
a salt like Li 2 C0 3 , etc. is mixed with a metal oxide and then treated with heat. 

[0074] Electroconductive polymers is one of the preferred positive electrode materials in view of flexibility and ease 
of making a thin film, plate, disk or fiber. Examples of such electroconductive polymers are aniline-based polymers 
such as polyaniline, polyacetylene and its derivatives, poly(p-phenylene), polypyrrole and its derivatives, polythienylene 
45 and its derivatives, polypyridinediyl and its derivatives, polyisothianaphthenylene and its derivatives, polyfurylene and 
its derivatives, potyselenophenylene and its derivatives, polyarylenevinylene and its derivatives such as poly(p-phe- 
nylenevinylene), polythienylenevinylene, polyfurylenevinylene, polynaphthylenevinylene, polyselenophenylenevi- 
nylene, polypyridinediylvinylene, etc., and its derivatives. Among them, an organic solvent-soluble aniline-based pol- 
ymer is particularly preferred. 

50 [0075] Electroconductive polymers used for electroactive substances in batteries or electrodes of the present inven- 
tion are prepared by such chemical or electrochemical processes as described below or any other conventional process. 
[0076] Examples of carbon materials include natural graphite, synthesized graphite, carbon produced by vapor phase 
process, graphitized carbon produced therefrom, petroleum cokes, coal cokes, fluorinated graphite, pitch carbon, poly- 
acenes, fullerenes such as C 60 and C 70 , etc. 

55 [0077] Carbon materials used for electroactive substances in batteries or electrodes of the present invention may 
be those commercially available or prepared by any conventional process. 

[0078] An organic solvent-soluble aniline-based polymer which is preferably used as the electroactive substance of 
the battery or electrode of the present invention is advantageous in that molding can be performed by solution coating 
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and especially advantageous in the fabrication of thin film batteries. Examples of the aniline-based polymers (poly- 
aniline or its derivatives) include polyaniline, poly-o-toluidine, poly-m-toluidine, poly-o-anisidine, poly-m-anisidine, 
polyxylidines, poly-2,5-dimethoxyaniline, poly-2,6-dimethoxyaniline, poly-2,5-diethoxyaniline, poly-2,6-diethoxy- 
aniline, poly-o-ethoxyaniline, poly-m-ethoxyaniline, and copolymers comprising such a monomeric unit as contained 

5 in these polymers. However, the present invention is not limited thereto and any polymer containing a repeating unit 
derived from aniline or its derivatives can be used. The larger the amount of the side chain of the organic solvent- 
soluble aniline-based polymer, the more convenient in view of higher solubility while as the amount of the side chain 
increases, but there appears an adverse effect that the gravimetric capacity of the positive electrode gets smaller 
Therefore, examples of preferred aniline-based polymers include polyaniline, poly-o-toluidine, poly-m-toluidine, poly- 

10 o-anisidine, poly-m-anisidine, polyxylidines, etc. 

[0079] While the polymerization method for producing polyaniline or its derivatives to be adopted in the present 
invention is not limited particularly, generally there is used a method in which an aniline or aniline derivative such as 
o-anisidine or the like is subjected to oxidative polymerization electrochemically or chemically, as reported by, for ex- 
ample, A.G. MacDiarmid, et al., in Journal of Chemical Society, Chemical Communication, page 1784 (1987). 

15 [0080] The molecular weight of the thus obtained aniline-based polymer used in the present invention is not limited 
particularly, but usually an aniline-based polymer having a molecular weight of at least 2,000 is preferred. 
[0081 ] Also, the aniline-based polymer obtained in such a manner as above mostly contains the anions, as a dopant, 
which are present in the polymerization solution. This is disadvantageous in view of solubility and gravimetric capacity 
of the polymer. Therefore, it is preferred to undope the anions and further convert the aniline-based polymer into the 

20 reduced type before it is processed into an electrode, for example, by the film-, plate-, or disk- forming method. While 
there is no particular limitation in the method of undoping, usually a method is adopted in which the aniline-based 
polymer is treated with a base such as aqueous ammonia or sodium hydroxide. Also, there is no particular limitation 
in the manner of reduction. It is sufficient to perform common chemical or electrochemical reduction. For example, in 
the case of chemical reduction, reduction can be performed readily by dipping or stirring the aniline-based polymer 

25 treated with a base (i.e. the undoped aniline-based polymer) in a hydrazine or phenylhydrazine solution at room tem- 
perature. 

[0082] The undoped or reduced type aniline-based polymer thus obtained is soluble in various organic solvents, and 
can be mixed in a state of solution with a polymerizable monomer solution comprising at least one PUX or PUY com- 
pound. The thus prepared mixture can be formed into a thin film, plate or disk, for example, by applying the mixture 
30 on various supports such as an electrode, a metal plate and a glass plate, or molded into any other form, e.g., fiber, 
whereby an electrode can be manufactured. 

[0083] Solvents in which these aniline-based polymers are dissolved may vary depending on the kind of the substit- 
uent groups on the benzene rings of the aniline-based polymers and are not limited particularly Generally, pyrrolidones 
such as N-methylpyrrolidone, amides such as dimethylformamide, polar solvents such as m-cresol, or dimethyl pro- 
35 pylene urea, etc. are good solvents. 

[0084] Next, an example for the manufacturing process of an electrode and a battery of the present invention will be 
explained in detail. 

[0085] For example, at least one PUX or PUY compound is mixed with an eiectroactive substance, (positive electrode 
material or negative electrode material) mentioned above, with or without an optionally-added above-mentioned other 

40 polymerizable compound and/or with or without an optionally-added above-mentioned plasticizer. In this case, com- 
pounds to be comprised are mixed in an appropriate proportion depending on the battery to be manufactured. The 
thus obtained mixture of polymerizable monomers/electroactive substances is shaped into a form such as a film, plate, 
disk and fiber and then polymerized to obtain an electrode. In this process, polymerization can be performed similarly 
as in the above-mentioned polymerization methods for obtaining the above-mentioned (co)polymer, for example, using 

45 heat and/or electromagnetic radiation. When the eiectroactive substance gives a highly flowable mixture of polymer- 
izable monomer/electroactive material like, for example, an aniline-based polymer soluble in an organic solvent, the 
mixture is shaped into a desired form, for example, applied on a support such as collector or other support made of 
glass or the like to form a film or plate, followed by polymerization to manufacture an electrode. 
[0086] The thus manufactured electrode comprising above-mentioned eiectroactive substance is used as at least 

so one of the electrodes and another electrode which has been similarly manufactured and comprises other eiectroactive 
material or a conventionally used electrode is used as the other one of the electrodes, and these two electrodes are 
put in a frame for construction of a battery or they are located on the support in such a configuration as they do not 
contact with each other. For example, negative electrode and positive electrode are attached at the edges thereof 
through a spacer of an appropriate thickness, placed in the above-mentioned frame, and then, after a polymerizable 

55 monomer mixture prepared by mixing at least one PUX or PUY compound with at least one electrolyte salt selected 
from the above-mentioned electrolyte salts such as alkali metal salts, with or without optionally -added above-mentioned 
other polymerizable compounds and/or with or without an optionalfy-added above-mentioned plasticizer is poured in 
between the negative and positive electrodes, the mixture is polymerized in the same manner as in the polymerization 
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methods for obtaining the above-mentioned (co)polymer, for example, with heat and/or electromagnetic radiation and 
optionally further the frame is sealed with an insulating resin such as polyolefins, epoxy resins and the like, whereby 
batteries are obtained in which a good contact between the electrode and the electrolyte is achieved. When the elec- 
trode obtained by polymerizing a mixture of the above-mentioned polymerizable monomers is used, batteries obtained 

s are those in which an especially good contact between the electrode and the electrolyte is achieved. 

[0087] In preparing such a polymerizable monomer mixture, proportion of each components are appropriately de- 
cided depending on the battery to be manufactured. The above-mentioned battery frame or support may be made of 
metal such as a stainless steel, resin such as polypropylene, polyimide, etc. , or ceramic material such electroconductive 
or insulating glass and the like, although the material thereof are not particularly limited to those listed here. The frame 

10 or support may be shaped in a cylinder, a coin, a disk, a box, a sheet or any other form. 

[0088] As described above, in fabricating a thin film, plate or disk battery a manufacturing process in which a polym- 
erizable monomer mixture comprising at least one PUX or PUY compound and at least one electrolyte salt is polym- 
erized to give a solid polymer electrolyte comprising a composite comprising (i) a homopolymer of a PUX or PUY 
compound or a copolymer comprising at least two PUX or PUY compounds or a copolymer comprising at least one 

15 PUX or PUY compound and at least one other polymerizable compound or a mixture of said homopolymer and copol- 
ymer and (ii) at least one electrolyte salt is particularly useful. 

[0089] As an example of the. thus manufactured batteries of the present invention, Fig. 1 shows a schematic cross- 
sectional view of a thin solid-state battery. In Fig. 1, 1 is a positive electrode, 2 is a solid polymer electrolyte, 3 is a 
negative electrode, 4 is a collector, 5 is an insulating polyimide film which is a spacer, and 6 is an insulating resin sealing. 
20 [0090] In the case where a cylindrical battery is fabricated, it is possible to employ a method comprising a process 
in which the above-described positive electrode sheet and negative electrode sheet are laid on top of the other with a 
solid polymer electrolyte sheet prepared in advance in such a manner as being placed between them to prepare a 
laminate, the resulting laminate is wound and then inserted in a cylindrical battery frame, in which the polymerizable 
monomer mixture as described above is poured, followed by polymerization, 

25 

Electric double-layer capacitor 

[0091] Next, solid-state electric double layer capacitor of the present invention is explained below. 
[0092] A whole solid-state electric double layer capacitor achieving high voltage output and large take-out current, 
30 and excellent in processability and reliability can be obtained by using above-mentioned solid polymer electrolyte of 
the present invention in the solid-state electric double layer capacitor. 

[0093] Fig. 2 is a schematic cross-sectional view showing an example of a solid-state electric double layer capacitor 
of the present invention. The solid-state electric double layer capacitor comprises a thin film cell having an area of 1cm 
x 1 cm and a thickness of about 0.5 mm. In Fig. 2, each of 8 is a collector, inside of which is arranged a pair of polarizable 

35 electrodes 7 and a solid polymer electrolyte film 9 is arranged between these electrodes. 10 is a spacer comprising 
an insulating film used in this embodiment, 11 is an insulating resin sealing and 12 is a lead wire. 
[0094] The collector 8 is preferably made of a material which is electron-conducting and electrochemically anticor- 
rosive, and has a specific surface area as large as possible. For example, there can be cited various metals and their 
sintered body, electron-conducting polymers, carbon sheets, etc. 

40 [0095] The polarizable electrode 7 may comprise any polarizable material conventionally used in an electric double 
layer capacitor such as carbon materials, and an electrode comprising a material obtained by compounding such a 
carbon material with the solid polymer electrolyte of the present invention is preferred. The carbon material as polar- 
izable material is not limited particularly so far as it has a sufficient specific surface area. The larger the specific surface 
area, the larger the capacity of the electric double layer. So, it is preferred to use the polarizable material of as large 

45 specific surface area as possible. For example, there can be used carbon blacks such as furnace black, thermal black 
(inclusive of acetylene black), channel black, etc., activated carbon such as coconut shell activated carbon, natural 
graphite, synthesized graphite, carbon prepared by a vapor phase method, graphitized carbon produced therefrom, 
polyacene, fullerenes such as C 60 and C 70 , etc. 

[0096] Next, an example for the manufacturing process of solid-state electric double layer capacitor of the present 

so invention is explained below. 

[0097] As described above, a manufacturing process in which a mixture of polymerizable monomer mixture obtained 
by mixing at least one PUX or PUY compound and at least one electrolyte salt is polymerized and made into a composite 
comprising (i) a homopolymer of a PUX or PUY compound or a copolymer comprising at least two PUX or PUY com- 
pounds or a copolymer comprising at least one PUX or PUY compound and at least one other polymerizable compound 

55 or a mixture of said homopolymer and copolymer and (ii) at least one electrolyte salt is particularly useful in manufac- 
turing a solid-state electric double layer capacitor of the present invention. 

[0098] In manufacturing a polarizable electrode which comprises a polarizable material such as carbon materials 
and the above-mentioned (co)polymer which is preferably used in a solid-state electric double layer capacitor of the 
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present invention, first, at least one PUX or PUY compound with or without optionally-added above-mentioned other 
polymerizable compounds and/or with or without an optionally-added above-mentioned plasticizer are mixed with a 
polarizable material. Each components are mixed in appropriate proportions which are decided depending on the 
capacitor to be manufactured. The thus obtained mixture of polymerizable monomers/polarizable materials is shaped 

$ into a film, plate or disk on a support, for example, on the collector, metal plate, glass plate, etc. and then polymerized 
similarly as in the above-mentioned polymerization methods for obtaining the above-mentioned (co)polymer, for ex- 
ample, with heat or electromagnetic radiation, whereby a polarizable electrode is manufactured. According to the proc- 
ess of the present invention, thin- film, -plate or -disk composite electrodes comprising a polarizable material and the 
above-mentioned (co)polymer can be manufactured which have a good contact with the collector. 

10 [0099] Two of the thus manufactured polarizable electrodes are placed in a frame for construction of a capacitor or 
they are located on the support in such a configuration as they do not contact with each other. For example, the two 
electrodes are bonded at the edges thereof through an insulating spacer of an appropriate thickness, placed in the 
above-mentioned frame, and then, after a polymerizable monomer mixture prepared by mixing at least one PUX or 
PUY compound with at least one electrolyte salt selected from the above-mentioned electrolyte salts such as alkali 

1$ metal salts, with or without optionally-added above-mentioned other polymerizable compounds and/or with or without 
an optionally-added above-mentioned plasticizer is poured in between the two electrodes, the mixture is polymerized 
in the same manner as mentioned above and optionally further the frame is sealed with an insulating resin such as 
polyolefins, epoxy resins and the like, whereby electric double layer capacitors are obtained in which a good contact 
between the electrode and the electrolyte is achieved. 

20 [0100] In preparing such a monomer mixture, each components are mixed in appropriate proportions which are 
decided depending on the capacitor to be manufactured. The above-mentioned capacitor frame or support may be 
made of metal such as a stainless steel, resin such as polypropylene, polyimide, etc., or ceramic material such elec- 
troconductive or insulating glass and the like, although the material thereof are not particularly limited to those listed 
here. The frame or support may be shaped in a cylinder, a coin, a disk, a box, a sheet or any other form. 

25 [0101] The shape of the solid-state electric double layer capacitor may be, in addition to the sheet type as shown in 
Fig. 2, a coin type, a disk type, a box type or a cylinder type which can be fabricated by the method comprising winding 
a laminate of a sheet-like polarizable electrode and a sheet-like solid polymer electrolyte in the form of a cylinder, 
inserting the cylinder in a cylindrical capacitor frame and sealing the frame. 

[0102] When a cylindrical capacitor is to be fabricated, it is also possible to employ a method comprising a process 
30 in which the above-described polarizable electrode sheets are laid on top of the other with the solid polymer electrolyte 
sheet prepared in advance in such a manner as being placed between them, the resulting laminate is wound and 
inserted in a cylindrical capacitor frame, and then the above-mentioned polymerizable monomer mixture is poured in, 
which mixture is then polymerized. 

35 Advantageous Effects 

[0103] The solid polymer electrolyte of the present invention is a solid polymer electrolyte comprising a comb-shaped 
or network-shaped polymer having an "oxyalkyl" group containing urethane bond incorporated into its side chain, which 
polymer, as described above, can be readily made and shaped into film, plate, disk, fiber or the like from the afore- 

40 mentioned polymerizable monomer mixture as a raw material and which has high ionic conductivity, good strength as 
film or other shaped article and an excellent processability to thin film, plate, disk, fiber or the like. 
[0104] The battery of the present invention comprising the above-mentioned solid polymer electrolyte as ionic con- 
dudting substance can be easily produced in the form such as a thin film-, plate-, box- or coin^type, and it is free from 
short-circuit even when made in such a thin form. It produces a large take out current and provides a highly reliable 

45 battery, especially a whole solid type one. 

[01 05] Also, the battery of the present invention having negative electrode which comprises an electroactive material 
of lithium, lithium alloy, a carbon material which can occlude and discharge lithium ion or the like can be easily produced 
in the form of a thin film-, plate-, box- or coin- type by using the above-mentioned solid polymer electrolyte as ionic 
conducting substance, and it is free from short-circuit even when made in such a thin form. It produces a large take 

so out current and provides a highly reliable battery, especially a whole solid type one. 

[0106] Furthermore, the battery of the present invention having positive electrode which comprises the above-men- 
tioned (co)polymer comprising at least one PUX or PUY compound and an electroactive substance such as an aniline- 
based polymer soluble in organic solvent or other electroconductive polymer, metal oxide, metal sulfide, a carbon 
material or the like and is characterized by using the above-mentioned solid polymer electrolyte as ionic conducting 

55 substance can be easily produced in the form such as a thin film-, plate-, box- or coin-type, and it is free from short- 
circuit even when made in such a thin form. It produces a large take out current and provides a highly reliable battery, 
especially a whole solid type one. 

[0107] Still further, the electrode of the present invention which comprises the above-mentioned (co)polymer com- 
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prising at least one PUX or PUY compound and an electroactive substance such as an aniline-based polymer soluble 
in organic solvent or other electroconductive polymer, metal oxide, metal sulfide, a carbon material or the like and the 
manufacturing process of said electrode provide an electrode having desired flexibility without deteriorating excellent 
electrochemical activity which the said electroactive substance has, and specifically provide, for example, thin film-, 

5 plate- or disk-like electrode useful in various batteries. 

[0108] In addition, according to the manufacturing process of the battery of the present invention, batteries in various 
shapes can be manufactured, especially it facilitates batteries to be made thinner and provides highly reliable batteries 
which can operate at high capacity and at high voltage and has good cyclability, especially a whole solid type one. 
[0109] The electric double layer capacitor of the present invention is the one which comprises as an ionic conducting 

10 substance a solid polymer electrolyte that can be obtained by preparing an above-described polymerizable monomer 
mixture comprising at least one electrolyte salt which gives a comb-shaped or network-shaped polymer having an 
oxyalkyl group containing urethane bond and can be readily molded or shaped into film, plate or disk of good strength, 
and then polymerizing the mixture. It is free from short-circuit even when made in the form of a thin film-, plate-, box- 
or disk-type, provides a highly reliable electric double layer capacitor having a high output voltage and a large take out 

f s current, especially a whole solid-state electric double layer capacitor. 

[0110] In particular, the electric double layer capacitor and the process for manufacturing the same according to the 
present invention provide a highly reliable electric double layer capacitor achieving a good contact between the polar- 
izable electrode and the solid polymer electrolyte which functions as an ionic conducting substance, a high voltage 
output and a large take out current, and especially provide a whole solid-state electric double layer capacitor. 

20 

Best Mode for Carrying Out the Invention 

[0111] Hereinafter, the present invention will be described more concretely by representative examples. Needless 
to say, these examples are mere examples for the purpose of explanation and the present invention is not limited to 
25 these examples by any means. 

Example 1: 

(1) Synthesis of monomer compound 3 

30 

[0112] Compound 3 was synthesized from compound 1 and compound 2 following the reaction indicated below: 

CH 2 0-[X 2 ] 

+ 3 CH 2 =C(CH 3 )CNCO CHO -[X 2 ] 

" 1 
O CH 2 0~[X 2 ] 

) (Compound 2) (Compound 3) 

wherein X 1 and X 2 respectively means 

45 

<CH 2 CH 2 0) p [CH(CH 3 )CH 2 0] q H 

and 

so 

-fCH 2 CH20)p[CH(CH3)CH 2 OJ q CNHCC(CH3)=CH 2 

O O 

55 

[0113] 57.7 g of compound 1 (KOH value : 34.0 mg/g, p/q=4) and 3.89 g of compound 2 were dissolved in 100 ml 



35 CH 2 0-[X 1 ] 

CHO -[X 1 ] 
I 

CH 2 0"[X 1 ] 

40 

(Compound 1 
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of sufficiently purified THF under a nitrogen atmosphere, and thereafter, 0.44 g of dibutyltin dilaurate was added thereto. 
Reaction was run at 25°C for about 15 hours to obtain compound 3 as a colorless viscous liquid. 
[0114] 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
1 and compound 2 reacted in a molar proportion of 1:3, and that the tsocyanate group in compound 2 disappeared 
5 and urethane bonds were formed to give compound 3. 

(2) Production and evaluation of compound 3-based solid polymer electrolyte 

[011 5] 1 .46 g of compound 3 was dissolved in 1 00 ml of THF and 0.14 g of LiCF 3 S0 3 was added thereto and mixed 
10 well. Then, THF was removed at room temperature under reduced pressure. Thus, a compound 3/LiCF 3 S0 3 mixture 
(polymerizable monomer mixture) was obtained as a viscous liquid. Under argon atmosphere, a portion of the mixture 
thus obtained was applied on a glass plate, and heated at 1 00°C for 1 hour to produce a compound 3 polymer/L»CF 3 S0 3 
composite as a transparent free-standing film of about 30 jim thickness. The ionic conductivity of the film measured 
at 25°C by an impedance method was 2x1 0* 5 S/cm. 

15 

Example 2: 

(1) Synthesis of compound 6 

20 [0116] Compound 6 was synthesized from compound 4 and compound 5 following the reaction indicated below: 

CH 2 0-[X 3 ] CH 2 0-[X 4 ] 

CHO -[X 3 ] + 2 CH 2 =C(CH 3 )COCH 2 CH 2 NCO CHO -[X 4 ] 

• " 1 

CH 2 0-[X 3 ] O CH 2 0-[X 4 ] 

30 {Compound 4) (Compound 5) (Compound 6 ) 



wherein X 3 means a mixture of 

<CH 2 CH 2 0) p [CH(CH 3 )CH 2 0] q H 

and 

<CH 2 CH 2 0) p [CH(CH 3 )CH 2 0] q CH 3 



in a ratio of 2:1 and 

X 4 means a mixture of 

45 

-tCH 2 CH 2 0)p[CH(CH3)CH 2 0] q CNHCH 2 CH 2 OCC(CH3)=CH 2 

O O 

50 

and 



^CH 2 CH 2 0) p [CH(CH 3 )CH 2 0] q CH 3 

55 

in a ratio of 2: 1 . 

[0117] 38.5 g of compound 4 (KOH value : 22.7 mg/g, p/q=5) and 2.42 g of compound 5 were dissolved in 100 ml 
of sufficiently purified THF under a nitrogen atmosphere, and thereafter, 0.29 g of dibutyltin dilaurate was added thereto. 



18 



EP0 811 029 B1 



Reaction was run at 25°C for about 15 hours to obtain compound 6 as a colorless viscous liquid. 
[0118] 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
4 and compound 5 reacted in a molar proportion of 1 :2, and that the isocyanate group in compound 5 disappeared 
and urethane bonds were formed to give compound 6. 

5 

(2) Production and evaluation of compound 6-based solid polymer electrolyte 

[01 1 9] 1 .40 g of compound 6 was dissolved in 1 00 ml of THF and 0. 1 4 g of LiCF 3 S0 3 was added thereto and mixed 
well. Then, THF was removed at room temperature under reduced pressure. Thus, a compound 6/LiCF 3 S0 3 mixture 
10 (polymerizable monomer mixture) was obtained as a viscous liquid. Under argon atmosphere, a portion of the mixture 
thus obtained was applied on a glass plate, and heated at 1 00°C for 1 hour to produce a compound 6 polymer/LiCF 3 S0 3 
composite as a transparent free-standing film of about 30 ujti thickness. The inonic conductivity of the film measured 
at 25°C by an impedance method was 7x1 0' 5 S/cm. 

15 Example 3: 

[0120] A solid polymer electrolyte was produced and fabricated into a transparent free-standing film of about 20 u,m 
thickness in the same manner as in Example 1, except for using 0.15 g of NaCF 3 SO a instead of LiCF 3 S0 3 used in 
Example 1. The ionic conductivity of the thus fabrica-ted film measured at 25°C by an impedance method was 3x10' 5 
20 s/cm. 

Example 4: 

[0121] A solid polymer electrolyte was produced and fabricated into a transparent free-standing film of about 40 jam 
25 thickness in the same manner as in Example 1 , except for using 0. 11 g of Lil instead of LiCF 3 S0 3 used in Example 1 . 
The ionic conductivity of the thus fabricated film measured at 25°C by an impedance method was 3x1 0* 4 S/cm. 

Example 5: 

30 (1 ) Synthesis of compound 8 

[0122] 

35 CH3(OCH 2 CH 2 ) m OH + CH 2 =C <CH 3 ) CONCO 

(Compound 7) (Compound 2) 

-> CH3 (OCH2CH2 ) mOCONHCOC (CH3 ) =CH 2 

4Q (Compound 8) 

[0123] Compound 8 was synthesized from compound 7 and compound 2 following the reaction indicated above. 
[0124] 55g of compound 7 (average molecular weight Mn = 550) and 11.1 g of compound 2 were dissolved in 100 
ml of sufficiently purified THF under a nitrogen atmosphere, and thereafter, 0.66 g of dibutylttn dilaurate was added 
45 thereto. Reaction was run at 25°C for about 1 5 hours to obtain compound 8 as a colorless viscous liquid. 

[0125] 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
7 and compound 2 reacted in a molar proportion of 1:1, and that the isocyanate group in compound 2 disappeared 
and an urethane bond was formed to give compound 8. 

50 (2) Production and evaluation of [compound 3/compound 8 copolymer]-based solid polymer electrolyte 

[0126] 1 .2 g of compound 3 synthesized in Example 1 and 1 .2g of compound 8 were dissolved in 50 ml of THF and 
0.14 g of LiCF 3 S0 3 was added thereto and mixed well. Then, THF was removed at room temperature under reduced 
pressure. Thus, a compound 3/compound 8/LiCF 3 S0 3 mixture (polymerizable monomer mixture) was obtained as a 
55 viscous liquid. Under argon atmosphere, a portion of the mixture thus obtained was applied on a glass plate, and 
heated at 1 00°C for 1 hour to produce a [compound 3 /compound 8 copolymer]/LiCF 3 S0 3 composite as a transparent 
free-standing film of about 30 jim thickness. The ionic conductivity of the film measured at 25°C by an impedance 
method was 1X10 -4 S/cm. 
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Example 6: 

(1) Synthesis of compound 10 

s [0127] Compound 10 was synthesized from compound 9 and the above-mentioned compound 5 (See Example 2) 
following the reaction indicated below: 



10 



15 



20 



CH 2 0 -[ X 1 ] 

CHO -[ X 1 ] 
I 

CHO -[X 1 ] 
I 

CHO -[X 1 ] 
I 

CHO -[X 1 ] 
I 

CH 2 0-[X 1 ] 
(Compound 9) 



+ (Compounds) 



CH 2 0-[ X s ] 

CHO -[X s ] 

CHO -[X 5 ] 
I 

CHO -[X 5 ] 

I 

CHO -[X 5 ] 

I 

CH 2 0-[X 5 ] 
(Compound! 0) 



25 



wherein X 1 and X 5 respectively means 



<CH 2 CH a O) [CH(CH 3 )CH 2 0] H 



30 and 



35 



40 



45 



50 



55 



-<CH 2 CH 2 0)p[CH(CH3)CH 2 0] q CNHCH2CH 2 OCC(CH3)=CH 2 

O O 

[0128] 10.86 g of compound 5 and 57.7 g of compound 9 (KOH value : 68.0 mg/g, p/q=4) were dissolved in 100 ml 
of sufficiently purified THF under a nitrogen atmosphere, and thereafter, 0.44 g of dibutyltin dilaurate was added thereto. 
Reaction was run at 25°C for about 15 hours to obtain compound 10 as a colorless viscous liquid. 
[0129] 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
9 and compound 5 reacted in a molar proportion of 1:6, and that the isocyanate group in compound 5 disappeared 
and urethane bonds were formed to give compound 10. 

(2) Production and evaluation of a [compound 10 /compound 8 copolymer] -based solid polymer electrolyte 

[0130] 1.2 g of compound 10 and 1.2 g of compound 8 were dissolved in 100 ml of THF and 0.14 g of LiCF 3 S0 3 
was added thereto and mixed well. Then, THF was removed at room temperature under reduced pressure. Thus, a 
compound 10/compound 8/LiCF 3 S0 3 mixture (polymerizable monomer mixture) was obtained as a viscous liquid. 
Under argon atmosphere, a portion of the mixture thus obtained was applied on a glass plate, and heated at 100°C 
for 1 hour to produce a [compound 10/compound 8 copolymerJ/LiCF 3 S0 3 composite as a transparent, free-standing 
film of about 30 u/n thickness. The ionic conductivity of the film measured at 25°C by an impedance method was 8x1 0* 5 
S/cm. 

Example 7: 

(1) Synthesis of compound 12 

[0131] Compound 12 was synthesized from compound 11 and compound 2 following the reaction indicated below: 
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IX 1 JO 



10 




CH 2 0-[X 1 ] 



0-[X 1 ] H 



o-[ X 1 J 



+ 5 CH2=C(CH 3 )CNCO 
II 

6-tx 1 ] o 

(Compound 2 ) 



15 



20 



(Compound 11) 



[X<]0 



(Compound 1 2) 




o-tx 2 ] 



b-ix 2 ] 



25 



30 



35 



40 



45 



SO 



55 



and 



wherein X 1 and X 2 respectively means 

<CH 2 CH 2 0) p [CH(CH 3 )CH 2 0] q H 

^H 2 CH 2 0)p[CH(CH3)CH 2 01 q CNHCC(CH 3 )=CH 2 

O O 



[0132] 57.7 g of compound 11 (KOH value : 68.0 mg/g, p/q=6) and 7.78 g of compound 2 were dissolved in 100 ml 
of sufficiently purified THF under a nitrogen atmosphere, and thereafter, 0.44 g of dibutyltin dilaurate was added thereto. 
Reaction was run at 25°C for about 15 hours to obtain compound 12 as a colorless viscous liquid. 
[0133] 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
11 and compound 2 reacted in a molar proportion of 1:5, and that the isocyanate group in compound 2 disappeared 
and urethane bonds were formed to give compound 12. 

(2) Production and evaluation of a [compound 12/compound 3 copolymer]-based solid polymer electrolyte 

[0134] 0.10 g of compound 12 thus obtained and 1 .0 g of compound 8 were dissolved in 20 ml of THF and 0.14 g 
of UCF3SO3 was added thereto and mixed well. Then, THF was removed at room temperature under reduced pressure. 
Thus, a compound 12/compound 3/LiCF 3 S0 3 mixture (polymerizable monomer mixture) was obtained as a viscous 
liquid. Under argon atmosphere, a portion of the mixture thus obtained was applied on a glass plate, and heated at 
100°C for 1 hour to produce a [compound 12/compound 3 copolymer]/LiCF 3 S0 3 composite as a transparent, free- 
standing film of about 20 jam thickness. The ionic conductivity of the film measured at 25°C by an impedance method 
was 8x1 0" 5 S/cm. 

Example 8: 

[0135] A solid polymer electrolyte was produced and fabricated in the same manner as in Example 7, except for 
using 0.30 g of Agl instead of LiCF 3 S0 3 used in Example 7. The ionic conductivity of the thus fabricated film measured 
at 25°C by an impedance method was 3x1 0~ 4 S/cm. 
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Example 9: 

[0136] 0.40 g of compound 3, 1.40 g of compound 8, 1.5 g of propylene carbonate (PC) and 0.28 g of LiCF 3 S0 3 
were mixed well under an argon atmosphere to obtain a compound 3/compound 8/PC/LiCF 3 S0 3 mixture (polymerizable 
5 monomer mixture) as a viscous liquid. Under argon atmosphere, a portion of the mixture thus obtained was applied 
on a glass plate, and heated at 100°C for 1 hour to produce a [compound 3/compound 8 copolymer]/PC/l_iCF 3 S0 3 
composite as a transparent, free-standing film of about 50 uxn thickness. The ionic conductivity of the film measured 
at 25°C by an impedance method was 2x1 0* 3 S/cm. 

10 Example 10: 

[01 37] A [compound 3/compound 8 copolymer]/TG/LiCF 3 S0 3 composite as a transparent, free-standing film of about 
50 u,m thickness was fabricated in the same manner as in Example 9, except for using tetraglyme (TG) instead of 
propylene carbonate used in Example 9. The ionic conductivity of the film measured at 25°C by an impedance method 
is was 7X10- 4 S/cm. 

Example 11: 

[0138] A [compound 3/compound 8 copolymerJ/DEC/LiCF 3 S0 3 composite as a transparent, free-standing film of 
20 about 50 urn thickness was fabricated in the same manner as in Example 9, except for using diethyl carbonate (DEC) 
instead of propylene carbonate used in Example 9. The ionic conductivity of the film measured at 25° C by an impedance 
method was 3x1 0 -3 S/cm. 

Example 12: Preparation of a polymerizable monomer mixture 

25 

[0139] 0.20 g of compound 3, 1 .30 g of compound 8, 1.3 g of propylene carbonate (PC), 1 .3 g of ethylene carbonate 
(EC) and 0.56 g of LiBF 4 were mixed well under an argon atmosphere to produce a polymerizable monomer mixture 
consisting of a compound 3/compound 8/PC/EC/LiBF 4 mixture as a viscous liquid. 

[0140] Under argon atmosphere, a portion of the mixture thus obtained was applied on a glass plate, and heated at 
30 100°C for 1 hour to produce a [compound 3/compound 8 copolymer]/PC/EC/UBF 4 composite as a transparent, free- 
standing film of about 50 uin thickness. The ionic conductivity of the film measured at 25°C and -1 0°C by an impedance 
method was 3x1 0 -3 S/cm and 1x10 -3 S/cm, respectively. 

Example 13: 

35 

(1) Synthesis of compound 15 
[0141] 

40 

H{OCH 2 CH 2 ) m OH + 2 CH 2 =CHCOOCH 2 CH (CH 3 ) NCO 
(Compound 13) (Compound 14) 

CH 2 =CHCOOCH 2 CH (CH3 ) NHCO (OCH 2 CH 2 ) m OCONHCH(CH 3 ) CH 2 OCOCH=CH 2 

45 

(Compound 15) 

[0142] Compound 15 was synthesized from compound 1 3 and compound 14 following the reaction indicated above. 
[0143] 55.0g of compound 13 (KOH value : 56.0 mg/g) and 8.53 g of compound 14 were dissolved in 100 ml of 
so sufficiently purified THF under a nitrogen atmosphere, and thereafter, 0.36 g of dibutyltin dilaurate was added thereto. 
Reaction was run at 25°C for about 15 hours to obtain compound 15 as a colorless viscous liquid. 
[0144] 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
1 3 and compound 1 4 reacted in a molar proportion of 1 :2, and that the isocyanate group in compound 1 4 disappeared 
and urethane bonds were formed to give compound 15. 

55 

(2) Production and evaluation of [compound 15 /compound 8 copolymer]-based solid polymer electrolyte 

[0145] 1.0 g of compound 8 and 0.1 g of compound 15 were dissolved in 20 ml of THF and 0.14 g of LiCF 3 SO a was 
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10 



15 



30 



35 



50 



added thereto and mixed well. Then, THF was removed at room temperature under reduced pressure. Thus, a com- 
pound 8 /compound 15/LiCF 3 S0 3 mixture (polymerizable monomer mixture) was obtained as a viscous liquid. Under 
argon atmosphere, a portion of the mixture thus obtained was applied on a glass plate, and heated at 100°C for 1 hour 
to produce a [compound 8 /compound 1 5 copolymer]/LiCF 3 S0 3 composite as a transparent free-standing film of about 
20 |im thickness. The ionic conductivity of the film measured at 25°C by an impedance method was 2x1 0 5 S/cm. 

Example 14: 

(1) Synthesis of compound 17 

[0146] Compound 17 was synthesized from compound 16 and the above-mentioned compound 5 (See Example 2) 
following the reaction indicated below 



CHzO-lX 1 ] 

[XMo-CHz- C-CH 2 -0-[X 1 ] + (Compounds) 
so CHzO-fX 1 ] 

(Compound! 6) CH 2 0-[X 5 ] • 

I 

25 [X 5 ]C— CH 2 -C-CH 2 -0-[X 5 ] 

I 5 
CH 2 0-[X 5 ] 



(Compound 17) 

wherein X 1 and X 5 respectively means 

(CH 2 CH 2 0) p [CH(CH 3 )CH 2 0] q H 
and 

40 -fCH2CH 2 O) 0 [CH(CH 3 )CH20] q CNHCH 2 CH 2 OCC(CH3)=CH 2 

II II 

o o 

[0147] 55.0 g of compound 16 (KOH value : 56.0 mg/g, p/q=7) and 8.53 g of compound 5 were dissolved in 100 ml 
45 of sufficiently purified THF under a nitrogen atmosphere, and thereafter, 0.36 g of dibutyltin dilaurate was added thereto. 
Reaction was run at 25°C for about 15 hours to obtain compound 17 as a colorless viscous liquid, 
[0148] ^-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
16 and compound 5 reacted in a molar proportion of 1:4, and that the isocyanate group in compound 5 disappeared 
and urethane bonds were formed to give compound 17. 



(2) Production and evaluation of a compound 17-based solid polymer electrolyte 



[0149] 1.1 g of compound 17 was dissolved in 100 ml of THF and 0.14 g of LiCF 3 S0 3 was added thereto and mixed 
well. Then, THF was removed at room temperature under reduced pressure. Thus, a compound 17/LiCF 3 SO a mixture 
ss (polymerizable monomer mixture) was obtained as a viscous liquid. Under argon atmosphere, a portion of the mixture 
thus obtained was applied on a glass plate, and heated at 100°C for 1 hour to produce a compound 17 polymer/ 
UCF3SO3 composite as a transparent, free-standing film of about 20 u.m thickness. The ionic conductivity of the film 
measured at 25° C by an impedance method was 1x1 0" 5 S/cm. 
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Example 15: Preparation of a polymerizable monomer mixture 

[0150] 1.50 g of compound 17, 1.3 gof propylene carbonate (PC), 1.3 g of ethylene carbonate (EC) and 0.56 g of 
LiBF 4 were mixed well under an argon atmosphere to produce a polymerizable monomer mixture consisting of a com- 
5 pound 17/PC/EC/LiBF 4 mixture as a viscous liquid. 

[0151] Under argon atmosphere, the mixture was applied on a glass plate, and heated at 100°C for 1 hour to produce 
a compound 17 polymer/PC/EC/Li BF 4 composite as a transparent, free-standing film of about 50 jxm thickness. The 
ionic conductivity of the film measured at 25°C and -10°C by an impedance method was 2.5x10" 3 S/cm and 0.7x1 0' 3 
S/cm, respectively 

10 

Example 16: 

[0152] 1.1 g of co-methyloligooxyethyl methacrylate: 

75 CH 2 =C(CH 3 )CO(OCH 2 CH 2 ) n OCH 3 (n=23) 

NK-ester M-230G (Product of Shin-Nakamura Chemical Industrial Co., LTD.) and 1.1 gof compound 3 (See Example 
1) were dissolved in 100 ml of THF and 0.14 gof LiCF 3 S0 3 was added thereto and mixed well. Then, THF was removed 
20 at room temperature under reduced pressure. Thus, a compound 3/M-230G/LiCF 3 SO 3 mixture (polymerizable mono- 
mer mixture) was obtained as a viscous liquid. Under argon atmosphere, a portion of the mixture thus obtained was 
applied on a glass plate, and heated at 100°C for 1 hour to produce a [compound 3/M-230G copolymer] /LiCF 3 SO a 
composite as a transparent, free-standing film of about 20 u,m thickness. The ionic conductivity of the film measured 
at 25°C by an impedance method was 8x1 0 -6 S/cm. 

25 

Example 17: 

[0153] 1.1 g of compound 3 and 0.2 g of N,N-dimethyl acrylamide were dissolved in 100 ml of THF and 0.14 g of 
LiCF 3 S0 3 was added thereto and mixed well. Then, THF was removed at room temperature under reduced pressure. 
30 Thus, a compound 3/ N,N-dimethyl acrylamide/LiCF 3 S0 3 mixture (polymerizable monomer mixture) was obtained as 
a viscous liquid. Under argon atmosphere, a portion of the mixture thus obtained was applied on a glass plate, and 
heated at 100°C for 1 hour to produce a [compound 3/N.N -dim ethyl acrylamide copolymer] /LiCF 3 S0 3 composite as 
a transparent, free-standing film of about 20 u.m thickness. The ionic conductivity of the film measured at 25°C by an 
impedance method was 2x10* 5 S/cm. 

35 

Example 18: 

[01 54] 1 . 1 g of compound 3 and 0.2 g of polyethylene oxide PEO-1 (Product of Sumitomo Seika K. K.) were dissolved 
in 100 ml of THF and 0.14 g of LiCF 3 SO a was added thereto and mixed well. Then, THF was removed at room tem- 
40 perature under reduced pressure. Thus, a compound 3/PEO-1/LiCF 3 S0 3 mixture (polymerizable monomer mixture) 
was obtained as a viscous liquid. Under argon atmosphere, a portion of the mixture thus obtained was applied on a 
glass plate, and heated at 100°C for 1 hour to produce a PEO-1 /compound 3 polymer/LiCF 3 S0 3 composite as a 
transparent, free-standing film of about 20 u,m thickness. The ionic conductivity of the film measured at 25°C by an 
impedance method was 1x10' 5 S/cm. 

45 

Example 19: Production of a positive electrode comprising cobalt oxide and solid polymer electrolyte 

[0155] 11 g of Li 2 C0 3 and 24 g of Co 3 0 4 were mixed well and heated at 800°C for 24 hours under an oxygen 
atmosphere, followed by pulverizing to obtain Lico0 2 powder. The LiCo0 2 powder and the polymerizable monomer 
50 mixture produced in Example 1 3 were mixed in proportion by weight of 7:3 under an argon atmosphere, and the mixture 
was applied on a stainless steel foil in an area of 1cm x 1cm and to a thickness of about 200 u.m. Further, the coated 
foil was heated at about 100°C for 1 hour for polymerization to produce a cobalt oxide/solid polymer electrolyte com- 
posite positive electrode (65 mg). 

55 Example 20: Fabrication of secondary battery comprising solid polymer electrolyte 

[0156] In a glove box under an argon atmosphere, a lithium foil of 75 \im thickness was cut to a piece of 1cm x 1cm 
(5.3 mg). Each edge portion (1 mm width) of the foil was covered with a polyimide film of 5 u.m thickness as a spacer. 
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Next, the polymerizable monomer mixture produced in Example 12 was applied on the lithium foil, and then, the cobalt 
oxide positive electrode produced in Example 19 was tightly fitted onto the mixture -coated surface of the lithium foil. 
The resulting structure was heated at 1 00 °C for 1 hour, and the edge portions of the battery were sealed with an epoxy 
resin to produce a solid-state lithium/cobalt oxide secondary battery. 
s [0157] The cross-sectional view of the thus obtained battery is schematically shown in Fig. 1 

[0158] This battery was subjected to repeated charging and discharging at an operating voltage of 2.0 to 4.3 V and 
at a constant current of 0. 1 mA. As a result, it revealed that the maximum discharge capacity was 4.0 mAh, and a cycle 
life until the capacity decreased to 50 % was 200 times. 

[0159] Another battery fabricated in the same manner was subjected to repeated charging and discharging at an 
io operating voltage of 2.0 to 4.3 V and at a constant current of 0. 3 m A. As a result, it revealed that the maximum discharge 
capacity was 3.8 mAh, and a cycle life until the capacity decreased to 50 % was 167 times. 

Example 21: Production of a positive electrode comprising polyaniline and solid polymer electrolyte 

15 [01 60] Electrolytic oxidative electrochemical polymerization was performed on a 1 cm x 1 cm stainless steel foil using 
a graphite foil as the counter electrode and a 0.5 M aqueous aniline solution and a 1.5 M aqueous HBF 4 solution by 
a constant current method at a current of 1 mA to obtain a film of polyaniline of about 100 u.m thickness. Then, the film 
was washed with methanol and dried at 80°C for 24 hours under vacuum. 

[0161] Then, the thus obtained film was transferred into a glove box under an argon atmosphere, and impregnated 
20 with the polymerizable monomer mixture produced in Example 12. Then, polymerization was performed at 100 °C for 
1 hour to produce a positive electrode comprising polyaniline/solid polymer electrolyte (45 mg). 

Example 22: Fabrication of secondary battery comprising lithium, polyaniline and solid polymer electrolyte 

25 [0162] A lithium/polyaniline solid secondary battery was produced in the same manner as in Example 20 except that 
the positive electrode comprising polyaniline and solid polymer electrolyte produced in Example 21 was used instead 
of that comprising cobalt oxide. 

[0163] This battery was subjected to repeated charging and discharging at an operating voltage of 2.0 to 4.0 V and 
at a constant current of 0. 1 mA. As a result, it revealed that the maximum discharge capacity was 1 .0 mAh, and a cycle 
30 life until the capacity decreased to 50% was 356 times. 

[0164] Another battery fabricated in the same manner was subjected to repeated charging and discharging at an 
operating voltage of 2.0 to 4.0 V and at a constant current of 0.3 m A. As a result, it revealed that the maximum discharge 
capacity was 0.9 mAh, and a cycle life until the capacity decreased to 50% was 260 times. 

35 Example 23: Production of a negative electrode comprising graphite and solid polymer electrolyte 

[0165] 10 g of graphite fiber produced by a vapor phase method and subsequent graph itizat ion by Showa Denko K. 
K. (average fiber diameter: 0.3 jim, average fiber length: 2.0 |im, heat treated at 2,700°C) was mixed with 200 ml of 
2.5 M butyllithium solution in n-hexane and stirred for 8 hours at room temperature to incorporate lithium ion in advance, 

40 followed by washing with hexane and drying in vacuo. 6 g of the graphite fiber thus prepared which incorporated lithium 
at an atomic ratio of C/Li = 12/1 (determined by elemental analysis) and 4 g of the polymerizable monomer mixture 
prepared in Example 1 5 were mixed under an argon atmosphere and an aliquot of the mixture was applied on a stainless 
steel foil to an area of 1cm x 1cm and a thickness of about 150 um The coated foil was heated at about 100°C for 1 
hour for polymerization to produce a negative electrode (21 mg) comprising a graphite (C/Li = 12/1 ) and solid polymer 

45 electrolyte. 

Example 24: Fabrication of a secondary battery comprising cobalt oxide, graphite and solid polymer electrolyte 

[0166] A graphite/cobalt oxide solid secondary battery was produced in the same manner as in Example 20 except 
so that the negative electrode comprising graphite and solid polymer electrolyte produced in Example 23 was used instead 
of the lithium foil. 

[0167] This battery was subjected to repeated charging and discharging at an operating voltage of 1 .5 to 4.3 V and 
at a constant current of 0. 1 mA. As a result, it revealed that the maximum discharge capacity was 3.8 mAh, and a cycle 
life until the capacity decreased to 50% was 197 times. 
55 [0168] Another battery fabricated in the same manner was subjected to repeated charging and discharging at an 
operating voltage of 1 .5 to 4.3 V and at a constant current of 0.3 mA. As a result, it revealed that the maximum discharge 
capacity was 3.6 mAh, and a cycle life until the capacity decreased to 50% was 185 times. 



25 



EP0 811 029 B1 



Example 25: Synthesis of organic solvent-soluble polyaniline 

[0169] In a 1 liter four-necked flask equipped with a thermometer, a stirrer and a condenser was placed 500 ml of 
1 N aqueous HC1 solution and 20.3 g of aniline was dissolved therein while bubbling nitrogen. Then, 11.5 g of solid 

5 ammonium persulfate was added little by little for about 30 minutes while stirring and bubbling nitrogen. Reaction 
temperature was kept at about 22°C. After the addition, the reaction was further continued for additional 22 hours. 
Then, the reaction mixture was filtered, and the residue was washed with 500 ml of deionized water. Then, the product 
was transferred into a beaker, and 500 ml of a 5% aqueous ammonia was added and the mixture was stirred for about 
1 hour, followed by filtration. The residue was washed with deionized water and dried under reduced pressure to obtain 

10 about 16 g of undoped polyaniline powder. 

[0170] Next, in a 300 ml three-necked flask was placed 150 ml of hydrazine monohydrate, and the above<iescribed 
undoped polyaniline powder was added little by little at room temperature for about 1 hour while stirring and flowing 
nitrogen. Further, under flow of nitrogen, the mixture was stirred for about 10 hours at room temperature. Then, the 
reaction mixture was filtered under a nitrogen atmosphere and the residue was dried under reduced pressure. Further, 

is under nitrogen atmosphere, the residue was washed with purified THF and with purified ether, followed by drying under 
reduced pressure to obtain about 14 g of reduced polyaniline powder. 

[0171] Elemental analysis value of the reduced polyaniline powder was as follows: total of carbon, hydrogen and 
nitrogen was 98%, and elemental ratio of carbon/hydrogen/nitrogen was 6.00/4.95/1 .01 , which substantially coincided 
with the calculated value. 

20 [0172] The powder was dissolved in purified N-methylpyrrolidone (NMP) to a concentration of up to about 5 wt% 
under argon atmosphere. The number-average molecular weight of the polyaniline obtained from the GPC measure- 
ment of the solution was about 20,000 as calculated using polystyrene as a molecular-weight standard material. 

Example 26: Production of a positive electrode comprising polyaniline and solid polymer electrolyte 

25 

[0173] In a glove box under an argon atmosphere, the polymerizable monomer mixture prepared in Example 1 2 was 
mixed with the 5 wt% potyaniline/NMP mixture prepared in Example 25 sothat the proportion by weight of the polyaniline 
and the polymerizable monomer mixture was 1:1. A portion of the resulting mixture was applied on a stainless steel 
foil of a size of 15 mm x 15 mm and of a thickness of 100 ujti in an area surrounded by a polyimide film of 50 u.m 
30 thickness affixed to each edge portion of the foil in a width of 3 mm. 

[0174] Then, the foil coated with the mixture was heated at 60°C, 80°c and 100°C each for 1 hour to dry the coating 
and polymerize the monomers to produce a positive electrode comprising polyaniline and solid polymer electrolyte. 

Example 27: Fabrication of secondary battery comprising lithium, polyaniline and solid polymer electrolyte 

35 

[0175] In a glove box under an argon atmosphere, a lithium foil of 25 um thick was cut to a piece of 12 mm x 12 mm 
(2.6 mg). Each edge portion (2 mm width) of the foil was covered with a polyimide film of 5 jam thickness as a spacer. 
Next, a portion of the polymerizable monomer mixture prepared in Example 1 2 was applied on the lithium foil, and then 
the polyaniline positive electrode produced in Example 26 was tightly fitted onto the coated surface of the lithium foil. 

40 The resulting structure was heated at 1 00°C for 1 hour, and the edge portions of the battery were sealed with an epoxy 
resin to produce a solid-state lithium/polyaniline secondary battery having a structure same as shown in Fig. 1 . 
[0176] This battery was subjected to repeated charging and discharging at an operating voltage of 2 to 4 V and at 
a constant current of 0.1 mA. As a result, it revealed that the maximum discharge capacity was 1.5 mAh, and a cycle 
life until the capacity decreased to 50% was 201 times. 

45 [0177] Another battery fabricated in the same manner was subjected to repeated charging and discharging at an 
operating voltage of 2.0 to 4.0 V and at a constant current of 0. 3 m A. As a result, it revealed that the maximum discharge 
capacity was 1 .3 mAh, and a cycle life until the capacity decreased to 50% was 170 times. 

Example 28: Production of a positive electrode comprising poly-o-anisidine and solid polymer electrolyte 

so 

[0178] 18 g of reduced poly-o-anisidine powder was synthesized and treated in the-same manner as in Example 25 
except that 27.0 g of o-anisidine was used instead of the aniline used in Example 25. 

[0179] Elemental analysis value of the reduced poly-o-anisidine powder for total of carbon, hydrogen and nitrogen 
was 98%, and elemental ratio of carbon/hydrogen/nitrogen was 7.00/6.91/1 .03, which substantially coincided with the 
55 calculated value. 

[0180] The reduced poly-o-anisidine powder was dissolved in purified N-methylpyrrolidone (NMP) to a concentration 
of up to about 8 wt% under argon atmosphere. The number-average molecular weight of the poly-o-anisidine obtained 
from the GPC measurement of the solution was about 15,000 as calculated using polystyrene as a molecular-weight 



26 



EP0 811 029 B1 



standard material. 

[0181] Next, a positive electrode (62 mg) comprising poly-o-anisidine and solid polymer electrolyte was fabricated 
in the same manner as in Example 26 except that 8 wt% of the poly-o-anisidine/NMP solution was used instead of the 
5 wt% polyaniline/NMP solution used in Example 26. 

5 

Example 29: Fabrication of secondary battery comprising poly-o-anisidine, lithium and solid polymer electrolyte 

[0182] A solid-state lithium/poly-o-anisidine secondary battery was produced in the same manner as in Example 27 
except that the positive electrode comprising poly-o-anisidine (62 mg) prepared in Example 28 was used instead of 
10 the polyaniline electrode. 

[0183] This battery was subjected to repeated charging and discharging at an operating voltage of 1 .8 to 3.8 V and 
at a constant current of 0.1 mA. As a result, it revealed that the maximum discharge capacity was 1.1 mAh, and a cycle 
life until the capacity decreased to 50% was 245 times. 

[0184] Another battery fabricated in the same manner was subjected to repeated charging and discharging at an 
is operating voltage of 1 .8 to 3.8 V and at a constant current of 0.3 m A. As a result, it revealed that the maximum discharge 
capacity was 1.0 mAh, and a cycle life until the capacity decreased to 50% was 205 times. 

Example 30: Preparation of a polymerizable monomer mixture 

20 [0185] 2.50 g of compound 3 obtained in Example 1 , 4.0 g of propylene carbonate (PC) and 0.90 g of tetraethylam- 
monium perchlorate (TE AP) were mixed well under an argon atmosphere to produce a polymerizable monomer mixture 
consisting of a compound 3/PC/TEAP mixture as a viscous liquid. 

[01 86] Under argon atmosphere, the mixture was applied on a glass plate, and heated at 1 00°C for 1 hour to produce 
a compound 3 poIymer/PC/TEAP composite as a transparent, free-standing film of about 20 \xm thickness. The ionic 
25 conductivity of the film measured at 25°C and -10°C by an impedance method was 2.5x1 0* 3 S/cm and 0.7x1 0' 3 S/cm, 
respectively. 

Example 31 : Production of an activated carbon electrode 

30 [01 87] Coconut shell activated carbon and the polymerizable monomer mixture prepared in Example 30 were mixed 
in a proportion by weight of 1:1 under an argon atmosphere, and a portion of the mixture was applied on a stainless 
steel foil to an area of 1 cm x 1 cm and a thickness of about 1 50 um Further, the coated foil was heated at about 1 00°C 
for 1 hour for polymerization to produce an activated carbon/solid polymer electrolyte composite electrode (13 mg). 

35 Example 32: Fabrication of a solid-state electric double layer capacitor 

[0188] In a glove box under an argon atmosphere, the activated carbon electrode (13 mg) of an area of 1cm x 1cm 
produced in Example 31 was covered with a polyimide film of 5 um thick as a spacer at edge portion (1 mm width) 
thereof. Next, a portion of the polymerizable monomer mixture produced in Example 30 was applied on the electrode, 
40 and then another activated carbon electrode was tightly fitted thereto. The resulting frame was heated at 100°C for 1 
hour, and the edge portions of the capacitor were sealed with an epoxy resin to produce a solid-state electric double 
layer capacitor having a cross-sectional structure as schematically shown in Fig. 2. 

[0189] This capacitor was subjected to repeated charging and discharging at an operating voltage of 0 to 2.5 V and 
at a current of 0.1 mA. As a result, it revealed that the maximum discharge capacity was 210 mF When the charging 
45 and discharging were repeated 50 times under this condition, there was no substantial change in the capacity. 

[0190] Another capacitor fabricated in the same manner was subjected to repeated charging and discharging at an 
operating voltage of 0 to 2.5 V and at a current of 0.3 mA. As a result, it revealed that the maximum discharge capacity 
was 200 mF. When the charging and discharging were repeated 50 times under this condition, there was no substantial 
change in the capacity. 

so 

Example 33: Fabrication of a solid-state electric double layer capacitor 

[0191] A polymerizable monomer mixture was prepared using 0.3g of lithium perchlorate (LiCI0 4 ) instead of TEAP 
used in the polymerizable monomer mixture produced in Example 30. A solid-state electric double layer capacitor was 
ss fabricated in the same manner as in Example 32 except that the polymerizable monomer mixture thus obtained was 
used. 

[0192] This capacitor was subjected to repeated charging and discharging at an operation voltage of 0 to 2.0 V and 
at a current of 0.1 mA. As a result, it revealed that the maximum discharge capacity was 150 mF. When the charging 
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and discharging were repeated 50 times under this condition, there was no substantial change in the capacity. 
[0193] Another capacitor manufactured in the same manner was subjected to repeated charging and discharging at 
an operation voltage of 0 to 2.0 V and at a current of 0.3 mA. As a result, it revealed that the maximum discharge 
capacity was 140 mF. When the charging and discharging were repeated 50 times under this condition, there was no 
s substantial change in the capacity. 

Example 34: Production of an acetylene black electrode 

[0194] Acetylene black and the polymerizable monomer mixture prepared in Example 30 were mixed in a proportion 
10 by weight of 6:4 under an argon atmosphere, and the resulting mixture was applied on a stainless steel foil to an area 
of 1cm x 1cm and a thickness of about 150 um Further, the coated foil was heated at about 100°C for 1 hour for 
polymerization to produce an acetylene black/solid polymer electrolyte composite electrode (14 mg). 

Example 35: Fabrication of a solid-state electric double layer capacitor 

75 

[0195] A solid-state electric double layer capacitor was fabricated in the same manner as in Example 33 except that 
the acetylene black/solid polymer electrolyte composite electrode (14 mg) produced in Example 34 was used. 
[01 96] This capacitor was subjected to repeated charging and discharging at an operating voltage of 0 to 2.5 V and 
at a current of 0.1 mA. As a result, it revealed that the maximum discharge capacity was 50 mF. When the charging 
20 and discharging were repeated 50 times under this condition, there was no substantial change in the capacity. 

[0197] Another capacitor fabricated in the same manner was subjected to repeated charging and discharging at an 
operating voltage of 0 to 2.5 V and at a current of 0.3 mA. As a result, it revealed that the maximum discharge capacity 
was 45 mF. When the charging and discharging were repeated 50 times under this condition, there was no substantial 
change in the capacity. 

25 

Example 36: Production of an activated carbon electrode 

[0198] Coconut shell activated carbon and the polymerizable monomer mixture prepared in Example 1 2 were mixed 
in a proportion by weight of 1 :1 under an argon atmosphere, and a portion of the mixture was applied on a stainless 
30 steel foil to an area of 1cm x 1cm and a thickness of about 150 um Further, the coated foil was heated at about 100°C 
for 1 hour for polymerization to produce an activated carbon/solid polymer electrolyte composite electrode (13 mg). 

Example37: Fabrication of a solid-state electric double layer capacitor 

35 [0199] In a glove box under an argon atmosphere, the activated carbon electrode (13 mg) of an area of 1cm x 1cm 
produced in Example 36 was covered with a polyimide film of 5 jam thick as a spacer at edge portion (1 mm width) 
thereof. Next, a portion of the polymerizable monomer mixture produced in Example 12 was applied on the electrode, 
and then another activated carbon electrode was tightly fitted thereto. The resulting frame was heated at 100°C for 1 
hour, and the edge portions of the capacitor were sealed with an epoxy resin to produce a solid-state electric double 

40 layer capacitor having a cross-sectional structure as schematically shown in Fig. 2. 

[0200] This capacitor was subjected to repeated charging and discharging at an operating voltage of 0 to 2.5 V and 
at a current of 0.1 mA. As a result, it revealed that the maximum discharge capacity was 200 mF. When the charging 
and discharging were repeated 50 times under this condition, there was no substantial change in the capacity. 
[0201] Another capacitor fabricated in the same manner was subjected to repeated charging and discharging at an 

45 operating voltage of 0 to 2.5 V and at a current of 0.3 mA. As a result, it revealed that the maximum discharge capacity 
was 1 90 mF. When the charging and discharging were repeated 50 times under this condition, there was no substantial' 
change in the capacity. 



so 



55 
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Comparative Example 1 : 

(1) Synthesis of compound 18 
s [0202] 

CH 3 (OCH 2 CH2)mOH + Compound 5 
(Compound 13) 

JO 

-» CH 2 =C ( CH 3 ) COOCH 2 CH 2 NHCO (OCH 2 CH 2 ) mOCH 3 
(Compound 18) 

15 [0203] Synthesis of compound 18 was attempted following the reaction indicated above. 

[0204] 15.5g of compound 5 (See Example 2) and 55 g of monomethyloligoethylene glycol (average molecular 
weight : 550) (Compound 13) were dissolved in 100 ml of sufficiently purified THF under a nitrogen atmosphere, and 
thereafter, 0.66 g of dibutyltin dilaurate was added thereto. Reaction was run at 50°C for about 3 hours to obtain 
compound 18 as a colorless viscous liquid. 

20 [0205] 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
5 and monomethyloligoethylene glycol reacted in a molar proportion of 1:1, and that the isocyanate group in compound 
5 disappeared and a urethane bond was formed to give compound 18. 

(2) Synthesis of compound 20 

25 

[0206] 

H(OCH 2 CH 2 )mOH + 2 CH2=CHCOOCH2CH 2 NCO 
30 (Compound 19) 

-> CH2=CHCOOCH2CH 2 NHCO (OCH2CH2 ) m OCONHCH 2 CH20COCH=CH2 
(Compound 20) 

35 

[0207] Synthesis of compound 20 was attempted following the reaction indicated above, 

[0208] 28.2 g of acryloyloxyethylisocyanate (compound 19) and 60 g of oligoethylene glycol (average molecular 
weight : 600) were dissolved in 100 ml of sufficiently purified THF under a nitrogen atmosphere, and thereafter, 0.66 
g of dibutyltin dilaurate was added thereto. Reaction was run at 50°C for about 3 hours to obtain a colorless viscous 
40 liquid. 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
19 and oligoethylene glycol reacted in a molar proportion of 2:1, and that the isocyanate group in compound 19 dis- 
appeared and urethane bonds were formed to give compound 20. 

(3) Preparation of a polymerizable monomer mixture 

45 

[0209] 2.10 g of the thus obtained compound 18,0.51 g of compound 20, 1.3 g of propylene carbonate (PC), 1.3 g 
of ethylene carbonate (EC) and 0.56 g of LiBF 4 were mixed well under an argon atmosphere to produce a polymerizable 
monomer mixture consisting of a compound 18/compound 20/PC/EC/LiBF 4 mixture as a viscous liquid. 
[0210] Under argon atmosphere, the mixture was applied on a glass plate, and heated at 100°C for 1 hour to try to 
so produce a [compound 18/compound 20 copolymer]/PC/EC/LiBF 4 composite as a transparent, free-standing film of 
about 300 u.m thickness. The ionic conductivity of the film measured at 25°C and -10°C by an impedance method was 
3x1 0' 3 S/cm and 1x10* 3 S/cm, respectively. 

[0211] Under argon atmosphere, the mixture was applied on a glass plate, and heated at 100°C for 1 hour so as to 
try to produce a [compound 1 8 /compound 20 copolymer]/PC/EC/LiBF 4 composite free-standing film of not more than 
55 100 u.m thickness. No free-standing film was obtained, however, when the film thickness was not more than 100 pm 
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Comparative Example 2: Production of a positive electrode comprising cobalt oxide and solid polymer electrolyte 

[021 2] Li 2 C0 3 and Co 3 0 4 were mixed well and heated at 800°C for 24 hours under an oxygen atmosphere, followed 
by pulverizing to obtain LiCo0 2 powder. The LiCo0 2 powder and the polymerizable monomer mixture produced in 
5 Comparative Example 1 were mixed in proportion by weight of 7:3 under an argon atmosphere, and the mixture was 
applied on a stainless steel foil in an area of 1cm x 1cm and to a thickness of about 200 urn Further, the coated foil 
was heated at about 100°C for 1 hour for polymerization to produce a cobalt oxide/solid polymer electrolyte composite 
positive electrode. 

10 Comparative Example 3: Fabrication of secondary battery comprising solid polymer electrolyte 

[0213] In a glove box under an argon atmosphere, a lithium foil of 75 uxn thickness was cut to apiece of 1cm x 1cm. 
An edge portion (1 mm width) of the foil was covered with a polyimide film of 5 jim thickness as a spacer. Next, the 
polymerizable monomer mixture produced in Comparative Example 1 was applied on the lithium foil, and then, the 
'5 cobalt oxide positive electrode produced in Comparative Example 2 was tightly fitted onto the mixture-coated surface 
of the lithium foil. The resulting structure was heated at 100 °C for 1 hour, and the edge portions of the battery were 
sealed with an epoxy resin to produce a solid-state lithium/cobalt oxide secondary battery. 

[0214] This battery was subjected to repeated charging and discharging at an operating voltage of 2.0 to 4.3 V and 
at a constant current of 0.1 mA. As a result, it revealed that the maximum discharge capacity was 4.0 mAh, and a 

20 short-circuit was occurred when the cycle was repeatead 50 times. 

[0215] Another battery was fabricated in the same manner except that a polyimide film of 10 (im thickness was used 
in place of a film of 5 ujti thickness and the battery was subjected to repeated charging and discharging at an operating 
voltage of 2.0 to 4.3 V and at a constant current of 0.1 mA. Asa result, it revealed that the maximum discharge capacity 
was 4.0 mAh, and a cycle life was 200 times. 

2S [0216] Another battery fabricated in the same manner with a polyimide film of 10 u,m thickness was also tested at 
an operating voltage of 2.0 to 4.3 V and at a constant current of 0.3 mA. As a result, it revealed that the maximum 
discharge capacity was 2.8 mAh, and a short-circuit was occurred when the cycle was repeated 85 times. 

Comparative Example 4: Preparation of a polymerizable monomer mixture 

30 

[021 7] 2. 1 0 g of compound 1 8, 0.5 1 g of compound 20, 1 .6 g of propylene carbonate (PC), 1 .6 g of ethylene carbonate 
(EC) and 0.90 g of tetraethylammonium perchlorate (TEAP) were mixed well under an argon atmosphere to produce 
a polymerizable monomer mixture consisting of a compound 18/ compound 20/PC/EC/TEAP mixture as a viscous 
liquid. 

35 [0218] Under argon atmosphere, the mixture was applied on a glass plate, and heated at 100°C for 1 hour to produce 
a [compound 18/compound 20 copolymer]/PC/EC/TEAP composite as a transparent, free-standing film of about 300 
u.m thickness. The ionic conductivity of the film measured at 25°C and - 10°C by an impedance method was 3.0x1 0' 3 
S/cm and 1.0x10' 3 S/cm, respectively. 

[0219] Under argon atmosphere, the mixture was applied on a glass plate, and heated at 100°C for 1 hour so as to 
40 try to produce a [compound 1 8/compound 20 copolymer]/PC/EC/TE AP composite free-standing film of not more than 
100 u,m thickness. However, no free-standing film having thickness not more than 100 ujti was obtained. 

Comparative Example 5: Production of an activated carbon electrode 

45 [0220] Coconut shell activated carbon and the polymerizable monomer mixture prepared in Comparative Example 
4 were mixed in a proportion by weight of 1:1 under an argon atmosphere, and a portion of the mixture was applied 
on a stainless steel foil to an area of 1cm x 1cm and a thickness of about 150 |im. Further, the coated foil was heated 
at about 1 00° C for 1 hour for polymerization to produce an activated carbon/solid polymer electrolyte composite elec- 
trode. 

50 

Comparative Example 6: Fabrication of a solid-state electric double layer capacitor 

[0221] In a glove box under an argon atmosphere, the activated carbon electrode of an area of 1cm x 1cm produced 
in Comparative Example 5 was covered with a polyimide film of 5 ujti thick as a spacer at edge portion (1 mm width) 
ss thereof. Next, a portion of the polymerizable monomer mixture produced in Comparative Example 4 was applied on 
the electrode, and then another activated carbon electrode was tightly fitted thereto. The resulting frame was heated 
at 100°C for 1 hour, and the edge portions of the capacitor were sealed with an epoxy resin to produce a solid-state 
electric double layer capacitor. 
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[0222] This capacitor was subjected to repeated charging and discharging at an operating voltage of 0 to 2.5 V and 
at a current of 0.1 mA. As a result, short-circuit occurred and the capacitor did not work. 

[0223] Another capacitor was fabricated in the same manner except that a polyimide film of 10 u,m thickness was 
used in place of a film of 5 jam thickness and the capacitor was subjected to repeated charging and discharging at an 
s operating voltage of 0 to 2.0 V and at a constant current of 0. 1 mA. As a result, it revealed that the maximum discharge 
capacity was 150 mF, and the capacity remained almost unchanged after the charging and discharging cycle was 
repeated 50 times. 

[0224] Another capacitor fabricated in the same manner with a polyimide film of 1 0 (im thickness was also tested at 
a current of 0.3 mA. As a result, it revealed that the maximum discharge capacity was B0 mF, and the capacity decreased 
10 to the half of the initial state after the charging and discharging cycle was repeated 50 times. 

Example 38: 

(1) Synthesis of compound 22 

75 

[0225] 



20 



25 



40 



CH 2 0-[X 1 ] CH 2 0-[X 2 ] 

CHO -[X 1 l + 2 CH 2 =C(CH 3 )CNCO CHO -[X 2 ] 

I II I 

CH 2 0-C 16 H33 O CH 2 0-C 16 H33 

(Compound 2 1 ) (Compound 2 ) (Compound 22) 



30 wherein X 1 and X 2 respectively means 

^CH 2 CH 2 0) p [CH(CH 3 )CH 2 0] q H 

35 and 



-fCH 2 CH 2 0) p [CH(CH 3 )CH 2 OJ q CNHCC(CH3)=CH2 



O O 



[0226] 1 -O-hexadecyl-rac-glycerol (Product of SIGMA Chemical Co.) was reacted with ethylene oxide and propylene 
oxide to obtain a compound 21 (KOH value : 21 .0 mg/g, p/q=5) according to the method described in Can. J. Res., 8, 
45 102 (1933). 

[0227] 1 .73 g of compound 2 and 53.3 g of compound 21 were dissolved in 100 ml of sufficiently purified THF under 
a nitrogen atmosphere, and thereafter, 0.29 g of dibutyltin dilaurate was added thereto. Reaction was run at 25°C for 
about 15 hours to obtain compound 22 as a colorless viscous liquid. 

[0228] 1 H-NMR and IR measurements and elemental analyses were made, and the results revealed that compound 
so 21 and compound 2 reacted in a molar proportion of 1 :2, and that the isocyanate group in compound 2 disappeared 
and urethane bonds were formed to give compound 22. 

(2) Production and evaluation of a compound 22-based solid polymer electrolyte 

55 [0229] 1 .46 g of compound 22 was dissolved in 1 00 ml of THF and 0. 1 4 g of LiCF 3 S0 3 was added thereto and mixed 
well. Then, THF was removed at room temperature under reduced pressure. Thus, a compound 22/LiCF 3 S0 3 mixture 
(polymerizable monomer mixture) was obtained as a viscous liquid. Under argon atmosphere, a portion of the mixture 
thus obtained was applied on a glass plate, and heated at 100°C for 1 hour to produce a compound 22 polymer/ 
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LiCF 3 S0 3 composite as a transparent, free-standing film of about 30 \im thickness. The ionic conductivity of the film 
measured at 25°C by an impedance method was 1x10 -5 S/cm. 

[0230] These results show that only the solid polymer electrolytes of the present invention have good film strength 
and high ionic conductivity and exhibit excellent properties when applied in a battery or a solid-state electric double 
s layer capacitor. The results are summarized in Tables 1 and 2. 
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Industrial Applicability 

[0231] The solid polymer electrolyte of the present invention comprises a composite comprising a polymer having a 
side chain of oxyalkyl group containing urethane bond and at least one electrolyte salt, and is characterized in that it 

5 can be readily formed into a thin film, plate or disk having good strength and high ionic conductivity 

[0232] A battery and a capacitor using the solid polymer electrolyte of the present invention do not suffer from the 
danger of leakage of the liquid since the ionic conducting substance thereof is solid and therefore it can be used with 
stability for a long time. The use of this solid polymer electrolyte enables fabrication of a thin battery and a thin capacitor 
[0233] The electrode of the present invention comprising a polymer having a side chain of oxyalkyl group containing 

10 urethane bond and an electroactive substance such as aniline-based polymer soluble in an organic solvent, other 
electroconductive polymer, metal oxide, metal sulfide and carbon material or polarizable material andthe manufacturing 
process of the same provide an electrode having a high electrochemical activity and flexibility, especially a thin electrode 
having such properties. Accordingly, the electrode of the present invention is useful in providing electrodes usable in 
-various batteries and electric double layer capacitors and in providing the process for manufacturing the same. 

is [0234] Further, the battery of the present invention not only can operate at a high capacity and a large current as a 
whole solid type, but also can give good cyclability and assure excellent safety and reliability. Therefore, the battery 
of the present invention can be used as a power source for electric products such as a main power source for portable 
devices, as a backup power source, as well as a power source of large capacity for such as electric automobiles, road 
leveling, etc. Since it can be made into a thin film with ease, the battery of the present invention can be used as a 

20 paper-like battery such as one for identification card, etc. 

[0235] Further, the solid-state electric double layer capacitor of the present invention, as compared with conventional 
whole solid-state electric double layer capacitors, can operate at a high capacity and a large current as a whole solid 
type, but also can give good cyclability and assure excellent safety and reliability and provides whole solid type electric 
double layer capacitor having such features. Therefore, it'can be used not only as a backup power source but also as 

25 a power source for various electric products when used in combination with a small battery. Since the capacitor of the 
present invention is excellent in processability such as rendering into a thin film, it is expected to be used in various 
applications other than those developed by conventional solid-state electric double layer capacitors. 

30 Claims 

1. A solid polymer electrolyte comprising a composite of: 

(a) a polymer obtainable from at least one compound which contains a structure derived from a polyhydric 
35 alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups 

being each replaced by a unit represented by a general formula (1) below: 

CH 2 =C(R 1 )C(=Q) [0(CH 2 ) x (CH(CH 3 )) y ] 2 NHC(=0)OR 2 - (1 ) 

40 

wherein FP represents a hydrogen or a methyl group; R 2 represents a divalent organic group containing 
at least one oxyalkylene group and the organic group may be linear, branched or cyclic and may contain one 
or more atoms other than carbon, hydrogen or oxygen; x and y each represents zero or a number of from 1 
to 5; z represents zero or a numerical value of from 1 to 10, provided that z is zero when -both of x and y are 
45 zero; the units of (CH 2 ) and (CH(CH 3 )) may be arranged irregularly in the unit of [0(CH 2 ) x (CH(CH 3 )) y ] z ; 

provided that each of R 1 , R 2 , x, y, and z of each such unit in the compound may independently represent 
the above-mentioned atom, group, number, or value, 

respectively and is not necessary to be the same as such of the other said unit in the compound; 

so 

and/or a copolymer comprising at least one of the above compounds as a comonomer (hereinafter, the above 
polymer and copolymer will be generally referred to as "(co)polymer"); and 

(b) at least one electrolyte salt. 

55 2. A solid polymer electrolyte as claimed in Claim 1 wherein the (co)polymer comprises a polymer produced from a 
monomer mixture of 
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(A) 1 - 1 00 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 
by a unit represented by the general formula (1); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1 ) per 
molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 
and (B); 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrolyte. 

A solid polymer electrolyte comprising a composite of: 

(a) a polymer obtainable from at least one compound which contains a structure derived from a polyhydric 
alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups 
being each replaced by a unit represented by a general formula (2) below: 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NHC(=0)(OR 3 ) n - (2) 

wherein R 1 represents a hydrogen or a methyl group; R 3 represents -(CH 2 ) 2 -, -CH(CH 3 )CH 2 - or - CH 2 CH 
(CH 3 )-; n represents a number not less than 1; x and y each represents zero or a number of from 1 to 5; z 
represents zero or a numerical value of from 1 to 10, provided that z is zero when both of x and y are zero; 
the units of (CH 2 ) and (CH(CH 3 )) may be arranged irregularly in the unit of [0(CH 2 ) x (CH(CH 3 )) y ) 2 ; provided 
that each of R 1 , R 3 x, y and z of each such unit in the compound may independently represent the above- 
mentioned atom, group, number or value, respectively and is not necessary to be the same as such of the 
other said unit in the compound; and/or a copolymer comprising at least one of the above compounds as a 
comonomer and 

(b) at least one electrolyte salt. 

A solid polymer electrolyte as claimed in Claim 3 wherein the polymer or copolymer comprises a polymer produced 
from a monomer mixture of 

(A) 1-100 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 
by a unit represented by the general formula (2); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1 ) per 
molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 
and (B); 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrolyte. 

A solid polymer electrolyte as claimed in any of Claims 1 to 4, wherein the electrolyte salt is at least one compound 
selected from a group consisting of an alkali metal salt, a quaternary ammonium salt, a quaternary phosphonium 
salt and a transition metal salt. 

A solid polymer electrolyte as claimed in any of Claims 1 to 5, wherein the solid polymer electrolyte further contains 
a plastic izer. 

A battery which comprises the solid polymer electrolyte as claimed in any of Claims 1 to 6. 

A battery as claimed in Claim 7 which comprises a negative electrode comprising lithium, lithium alloy or a carbon 
material which can occlude and discharge lithium ion. 
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9. A battery as claimed in Claim 7 or 8 which comprises a positive electrode comprising an aniline-based polymer 
soluble in an organic solvent or other electroconductive polymer, a metal oxide, a metal sulfide or a carbon material. 

10. A process for manufacturing a battery which comprises steps of placing a polymerizable monomer mixture in a 
frame for construction of a battery or on a support and polymerizing the polymerizable monomer mixture, wherein 
the mixture comprises at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by 
a unit represented by the general formula (1 ) below: 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] 2 NHC(=0)OR 2 - (1 ) 

wherein R 1 , R 2 , x, y and z each means the same as in Claim 1, at least one electrolyte salt and optionally a 
plasticizer. 

11. A process for manufacturing a battery as claimed in Claim 10 wherein the (co)polymer of the solid polymer elec- 
trolyte comprises a polymer produced from a monomer mixture of 

(A) 1 - 1 00 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 
by a unit represented by the general formula (1 ); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1 ) per 
molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 
and (B); 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrolyte. 

12. A process for manufacturing a battery which comprises steps of placing a polymerizable monomer mixture for the 
solid polymer electrolyte in a frame for construction of a battery or on a support, and polymerizing the polymerizable 
monomer mixture, wherein the mixture comprises at least one compound which has a structure derived from a 
polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl 
groups being each replaced by a unit represented by the general formula (2): 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] 2 NHC(=0)(OR 3 ) n - (2) 

wherein R 1 , R 3 , x, y, z and n each means the same as in Claim 3 and at least one electrolyte salt and optionally 
a plasticizer. 

13. A process for manufacturing a battery as claimed in Claim 12 wherein the (co)polymer of the solid polymer elec- 
trolyte comprises a polymer produced from a monomer mixture of 

(A) 1 -1 00 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 
by a unit represented by the genera! formula (2); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1 ) per 
molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 
and (B); 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrolyte. 

14. An electrode which comprises a (co)polymer obtained from (a) at least one compound which contains a structure 
derived from a polyhydric alcohol having three or more hydroxy! groups, at least two hydrogen atoms of said 
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alcoholic hydroxyl groups being each replaced by a unit represented by a general formula (1) below: 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NHC(=0)OR 2 - (1 ) 

5 

wherein R 1 , R 2 , x, y and z each means the same as in Claim 1 and (b) an electroactive substance or polarizable 
material. 

15. An electrode as claimed in Claim 14 wherein the (co)polymer for manufacturing an electrode comprises a polymer 
io produced from a monomer mixture of 

(A) 1 -1 00 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 
by a unit represented by the general formula (1); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1 ) per 
molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 
and (B); 

20 provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 

polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrode. 

16. An electrode which comprises a (co)polymer obtainable from (a) at least one compound which contains a structure 
derived from a polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said 

25 alcoholic hydroxyl groups being each replaced by a unit represented by a general formula (2) below: 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NHC(=0)(OR 3 ) n - (2) 

30 wherein R 1 , R 3 , x, y, z and n each means the same as in Claim 3 and (b) an electroactive substance or polarizable 

material. 

17. An electrode as claimed in Claim 16 wherein the (co)polymer comprises a polymer produced from a monomer 
mixture of 

35 

(A) 1 - 1 00 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 
by a unit represented by the general formula (2); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1) per 
40 molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 
and (B); 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
45 polymer being contained in an amount of not less than 50 wt% of the total polymer used in the electrode. 

18. An electrode as claimed in any of Claims 14 to 17 in which the electroactive substance or polarizable material 
comprises an aniline-based polymer soluble in an organic solvent or other elect roconductive polymer, a metal 
oxide, a metal sulfide or a carbon material. 

50 

19. An electric double layer capacitor comprising polarizable electrodes and an ionic conducting substance arranged 
between the electrodes, wherein the ionic conducting substance comprises the solid polymer electrolyte as claimed 
in any of Claims 1 to 6. 

55 20. An electric double layer capacitor comprising polarizable electrodes and an ionic conducting substance arranged 
between the electrodes, wherein the polarizable electrodes comprise a composite of: 
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(a) a (co)polymer obtainable from at least one compound which contains a structure derived from a polyhydric 
alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxy! groups 
being each replaced by a unit represented by a general formula (1) below: 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NHC(=0)OR 2 - (1 ) 

wherein R 1 , R 2 ,x, y and z each means the same as in Claim 1; and 

(b) a carbon material. 

21. An electric double layer capacitor as claimed in Claim 20 wherein the (co)polymer of the composite comprises a 
polymer produced from a monomer mixture of 

(A) 1 - 1 00 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
is or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 

by a unit represented by the general formula (1); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1 ) per 
molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 
20 and (B); 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the composite. 

25 22. An electric double layer capacitor comprising polarizable electrodes and an ionic conducting substance arranged 
between the electrodes, wherein the polarizable electrodes comprise a composite of: 

(a) a (co)polymer obtainable from at least one compound which contains a structure derived from a polyhydric 
alcohol having three or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups 

30 being each replaced by a unit represented by a general formula (2) below: 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NHC(=0)(OR 3 ) n - (2) 

35 wherein R 1 , R 3 , x, y, z and n each means the same as in Claim 3; and 

(b) a carbon material. 

23. An electric double layer capacitor as claimed in Claim 22 wherein the (co)polymer of the composite comprises a 
polymer produced from a monomer mixture of 

40 

(A) 1 - 1 00 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 
by a unit represented by the general formula (2); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1) per 
45 molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt % of at least one compound containing an ethylenically unsaturated group and differing from (A) 
and (B); 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
50 polymer being contained in an amount of not less than 50 wt% of the total polymer used in the composite. 

24. A process for manufacturing an electric double layer capacitor which comprises steps of placing a polymerizable 
monomer mixture in a frame for construction of an electric double layer capacitor or on a support and polymerizing 
the polymerizable monomer mixture, wherein the mixture comprises 
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(a) at least one compound which contains a structure derived from a polyhydric alcohol having three or more 
hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced by a unit 
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represented by a general formula (1 ) below: 



CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y J z NHC(=0)OR 2 - (1) 

5 

wherein R\ R 2 ,x, y and z each means the same as in Claim 1 ; and 
(b) at least one electrolyte salt and optionally a plasticizer. 

25. A process for manufacturing an electric double layer capacitor as claimed in Claim 24, comprising steps of placing 
io a polymerizable monomer mixture in a frame for construction of an electric double layer capacitor or on a support 

and polymerizing the polymerizable monomer mixture, wherein the mixture comprises 

(A) 1-100 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 
or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 

*s by a unit represented by the above general formula (1); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1) per 
molecule and no ethylenically unsaturated groups in the rest of the molecule; and 

(C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 
and (B); 

20 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the composite. 

26. A process for manufacturing an electric double layer capacitor which comprises steps of placing a polymerizable 
25 monomer mixture in a frame for construction of an electric double layer capacitor or on a support, and polymerizing 

the polymerizable monomer mixture, wherein the mixture comprises (a) at least one compound which contains a 
structure derived from a polyhydric alcohol having three or more hydroxyl groups, at least two hydrogen atoms of 
said alcoholic hydroxyl groups being each replaced by a unit represented by a general formula (2) below: 

30 13 

CH 2 =C(R 1 )C(=0)[0(CH 2 ) x (CH(CH 3 )) y ] z NHC(=0)(OR 3 ) n - (2) 

wherein R 1 , R 3 ,x, y, z and n each means the same as in Claim 3; and (b) at least one electrolyte salt and optionally 
a plasticizer. 

35 

27. A process for manufacturing an electric double layer capacitor as claimed in Claim 26, comprising steps of placing 
a polymerizable monomer mixture in a frame for construction of an electric double layer capacitor or on a support 
and polymerizing the polymerizable monomer mixture, wherein the mixture comprises 

40 (A) 1 - 1 00 wt% of at least one compound which has a structure derived from a polyhydric alcohol having three 

or more hydroxyl groups, at least two hydrogen atoms of said alcoholic hydroxyl groups being each replaced 
by a unit represented by the above general formula (2); 

(B) 0 - 95 wt% of at least one compound which contains one unit represented by the general formula (1 ) per 
molecule and no ethylenically unsaturated groups in the rest of the molecule; and 
45 (C) 0 - 80 wt% of at least one compound containing an ethylenically unsaturated group and differing from (A) 

and (B); 

provided that the total amount of (A) and (B) is not less than 20 wt% of the total amount of (A), (B) and (C), said 
polymer being contained in an amount of not less than 50 wt% of the total polymer used in the composite. 
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Patentanspruche 

1. Festpolymerelektrolyt, enthaltend einen Verbundstoff aus: 

(a) einem Polymer, erhaltlich aus mindestens einer Verbindung, die eine von einem Polyalkohol mit drei Oder 
mehr Hydroxygruppen abgeleitete Struktur enthalt, worin mindestens zwei Wasserstoffatome der alkoholi- 
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